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PREFACE TO THE SECOND EDITION 


Itis my great pleasure to present the second revised edition 
of the book in a very short period of time. It has. been possible 


_ due to the interest which dear students and worthy teachers have 


shown in the book. 


The book has been revised thoroughly. The chapter entitled 
‘Introduction’ has been included. The contents of chapter ‘Mole- 
cule, kinetic theory of gases and elasticity’ has been reorganised and 


- divided into four chapters under headings Molecule, Properties of 


Solids, Properties of Liquids and Properties of Gases. 
The salient features of this revised edition are listed below : 
1. Numerical problems drawn from various examinations 


including C.B.S.E.'S Exam. 1989 and Competitive Exams. 
of I.I.T., C.P.M.T. etc. have been included. 


2. Difficult problems for brilliant students'have been included 
in each chapter. 

3. Each chapter includes a large number of 'objective type 
questions' with their answers given at the end of the book. 


Suggestions for the improvement of the book will be acknow- 
ledged with thanks. 


V.K. AGRAWAL 


EXTRACTS FROM THE PREFACE TO THE 
FIRST EDITION 


This book has been written according to the syllabus in Physics 
prescribed for class XI of Delhi and All India Senior School Certi- 
ficate Examinations by the Central Board of Secondary Education, 
New Delhi. 


Each topic has been tried to be made problem-based. The 
material included in the book is such that it makes the study of 
ysics more comprehensive and illustrative. It is my sincere hope 


шне book will be helpful to all students of Physics at this 
evel. : 


У.К. AGRAWAL 
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1 
. Introduction 


IMPORTANT DEFINITIONS 


1. Science. The word ‘science’ in Latin means “to know”. 
The well organized attempt of man to know about the nature and 
natural phenomena occurring around him is Science. 


_ 2. Physics. The word ‘Physics’ in Greek means ‘nature’. 
It is that branch of Science which deals with nature, natural pheno- 
menon, properties of materials and about different type of energies 
in nature. 


3. Theory. Omthe basis of results of experimentation, the 
natural phenomena are explained in terms of specific law(s) oF 
relationship(s). It is called ‘theory’. 


4. Physics and Technology. The technological develop- 
ment of any society is very closely related with the applications of 
Science in general and Physics in particular. 


SOLVED EXAMPLES 
Example 1. Match the scientists name with the discovery 
they made. 
LOT ae Oey oL T PIE I EE CHUREUUR E ыкы —-== 
A. Scientist B. Discovery 
ا‎ —-— — 
l. Faraday Law of gravitation. 
2. Rutherford Quantum model of hydrogen atom. 
3. Chadwick Unification of light and electro- 
magnetism. 
4. Bohr Theory of Relativity. 
5. Newton Inelastic scattering of light by molecules. 
6. Maxwell Unification of weak and electromagnetic 
interaction. 
7. Salam Law of electromagnetic induction. 
8. Einstein Expansion of universe. 
9. Raman Neutron. 
10. Hubble Nuclear model of the atom. 
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Solution : 

1. Faraday Law of electromagnetic induction. 

2. Rutherford Nuclear model of the atom. 

3. Chadwick Neutron. 

4, Bobr Quantum model of hydrogen atom. 

5. Newton ‚ Law of gravitation. 

6. Maxwell Unification of light and electromagnetism. 
-7. Salam Unification of weak and electromagnetic 

interaction. 
$: Einstein Theon of Relativity. 
8 aman melastic scattering of ligh 
10. Hubble Expansion of ЕН Аи anole 


Dee een eee 


Example 2. Match the scientist in Column A with the country 
of origin in Column B. 


A, Scientist | B. Country of origin 
a 
1. Michelson Denmark 
2. Newton U.S.A. 
3. Landau Italy 
4. Bhabha і France 
5. Bohr India 
6. Archimedes Germany 
7. Galileo U.S.S.R. 
8. Curie Britain 
9. Heisenberg Japan 
10. Yukawa Greece 
a A ЕСТ ҮР ier. ll li, hun DA 
Solution : 
1. Michelson U.S.A. 
2. Newton Britain 
3. Landau . Germany 
4, Bhabha India 
5. Bohr Denmark 
6. Archimedes Greece 
7. Galileo ‘ Italy 
8. Curie France 
9. Heisenberg Japan 
10. Yukawa U.S.S.R. 


Example 3. Science, like an information and knowledge, can 
be put to good or bad use, depending on the user. 
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(Given below are some of the applications of science. Formu- 
late your views on whether the particular application is good, bad or 
something that cannot be so clearly categorised. 

(i) Mass vaccination against smallpox to curb and finally 
eradicate this disease from the population. (This has already been 
succesfully done in India). 

. (Gi) Television for eradication of illiteracy and for mass com- 
munication of news and ideas. j 


(iii) Parental sex determination. 

(i) Computers for increase in work efficiency. 
(у) Putting artificial satellites around the earth. 
(vi) Development of nuclear weapons. 


(vii) Development of new and powerful techniques of chemical 
and biological warfare. 
(viii) Purification of water for drinking. 
(ix) Plastic surgery. 
(х) Cloning.) 


Solution : 


(i) The smallpox kills many and those servived they®get 
permanently disfigured. Many children becomes blind and deaf. 
"Therefore mass vaccination against smallpox is good. 


(ii) Television for eradication of illiteracy and for mass com- 
munication of news and ideas is good. But so many serials and 
feature films are telecasted and children want to view all of them. 


So their studies are suffered and eyesight is affected. So it is 
bad also. 


(iii) Parental sex determination is good. The parents may 
decide whether they wants the child of that sex or not. 


(iv) Computers for increase in work efficiency are good. There 
is no chance of personal errors and the efficiency increases. 


(v) Putting artificial satellites around the earth is good. It 
helps us in transmitting Т.У. programme and also help us in fore- 
casting weather. 


(vi) Development of nuclear weapons is not good. Nuclear 
weapons used in a war can kill many innocent people. They spread 
radioactivity which is very harmful to mankind. 


; (vii) Development of new and powerful techniques of chemical 
and biological warfare is good depending upon use. They have 
been devised for our safety and security. Misuse of them can not be 
ruled out. 


(viii) Purification of drinking water is good. Many diseases are 
caused by drinking impure water taken directly from the earth. 


(ix) Plastic surgery is good. 


and remove deformation. 
(x). Cloning is good. 


It helps to make us beautiful 


EXERCISE 1 
1. Match the scientists with their inventions : 


Scientists 
(i) Loi Galvani 
(ii) Volta 
(üi) Morse 
(iv) Grahm Bell 
(v) Baird 


(vi) William Shonkhle 


Inventions 


(a) Transistor 
(b) Telephone 
(c) Electric current 
(d) Television 
(e) Electric cell 
(f) Telegraph. 


2. Match the inventions with their inventors : 


Inventions 
(i) Dynamo 
(i) X-rays 
(iii) Electric bulb 
(iv) Radar 
(у) Steam engine 


Inventors 
(a) Roentgen . 
(b) Faraday 
(c) James Watt 
(d) Edison 
(е) ‘Robert Watt 


3. Match the following laws with their discoverer : 


Laws 
(i) Laws of motion 


(ii) Laws of gravitation 


(iii) Law of floatation 


(iv) Law of gas pressure 


(у) Law of elasticity 


(vi) Law.of gas volume 

(vii) Law of transmission of 
pressure in liquids. 

following Scientists with their discovery : 


4. Match the 
Scientists 


(i) Autohon 

(ii) Brush Bell 
(iil) Dewar 

(iv) Galelio 

(vy). Wright Brothers 


Discoverers 


(a) Charles 

(b) Boyles 

(c) Robert Hooke 
(d) Pascal 

(e) Archimides 


(f) Newton 


Discovery 


(a) Thermos flask 
(b) Teléscope 

(c) Atom Bomb 
(d) Aeroplane 
(e), Submarine 


The discovery of the neutron was made by 

(а) Fermi (b) Chadwick 

(c) Rutherford (d) Niel Bohr 

Prof. Albert Einstein was awarded the Nobel Prize in Physics 
for his theory of f 

(a) Relativity (b) Specific heats Р 

(c) Scattering of a-particles (d) Distribution of charge in atom 


The specific charge (=) of an electron was determined by 


(a) Millikan we (b) J.P. Thomson 

(c) J.J. Thomson (d) Albert Einstein 

The charge on an electron was determined by 

(a) Albert Einstein (b) Michelson and Morley 
(c) Geiger and Marden (d) Millikan. 


00 


16. 
17. 


yeep 
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Physical World and Measurements 
IMPORTANT FORMULAE 


(1) Dimensions : 


Quantity 


Mechanics 


Length 
Mass 
Time 
Area 
Volume 


Density f 
Velocity, 
Acceleration 


Force 


Pressure & 
Stress 


Impulse | 


Work & 
Energy 


Power 


Surface 
Tension 


Modulus of 
Elasticity 


Angle 


Angular 
Velocity 


Formula Dimensions 


L 
M 
5 T 
Length x Breadth L? 


Length x Breadth ІЗ 
x Height 


Mass/Volume МІГ? 
Distance/Time LT“? 


Change in Velocity/ LT? 
Time 


Mass X Acceleration МІТ”? 
Force/Area MLT? 


Force x Time MLT- 


Force X Displace- ML?T= 
ment 


Work/Time ML?T 3 
Force/Length MT? 
Stress/Strain ML-!T 
Arc/Radius Т5 


Angle/Time irn 


Units 


N/m? 


kg ms? 
J 


w (watt) 


^ Nm 


18. 


19. 


28. 
29. 


30. 
31. 


32: 
33s 


34. 


35. 


36. 


Angular 
Acceleration 


Moment of 
Inertia 


Torque 
(couple) 
Angular 
Momentum 
Gravitational 
constant 
Viscosity 


Frequency 
Heat 
Temperature 


Specific heat 


"Thermal 
Conductivity 


Latent heat 


Coefficient 
of thermal 
expansion 
Electricity 
Current 
Current 
density 
Charge 
Electric 
field 
Electrical 
Potential 
Electrical 
Capacitance 
Electricel 
inductance 


Change in Angular T^? 
Velocity/Time 


Mass х (Distance)? ML? 
Force х Distance ML?T-? 


Moment of Inertia МІ?Т-! 
х Angular Velocity 


g= Æ MLT? 
mM, 

Force/Area/ ML-T} 

velocity gradiant 


I/Time period Tae 


= K 
Energy/mass/ LE 
Temperature 
difference 

Heat x Distance MLTOk'! 
Area X Tempera- 
ture difference 
x Time 
Heat 
Mass 


Charge in dimension , , 
Initial dimension X 
Rise in temperature 


LT? 


— I 
Current/Area IL= 
Current x time IT 


Force/charge MLT^r' 
Work/charge ML?T J-1 
Charge/potential M-AL?T!I? 


Potential/Rate of ML?T7I”2 
charge of current 


rad 52 
kgm? 

Nm 

kg m's ! 

Nm?/kg? 
Ра.5 
5-1 

K 


J kg K™ 


J mks 


JC'orV 


/ (farad) 


H (henry) 


1 ш 


37. Permeability Е= р — —— — MI!T3]3 — 
38. Magnetic n Weis MTI- T (tesla) 
field or Velocity 
Magnetic 
induction 


$$ —————— 
(2) Ifa quantity ‘a’ is supposed to depend upon quantities 


‘b’, “с, ‘d’ etc., the relation between them is given by 
a=k b? су d* etc. 


Where kisa dimensionless constant. The values of x, y, z, 
etc., can be determined by method of dimensions. 


(3) Maximum permissible error : 


(1) When a=b.c.d. 
Max. permissible error in Poo t of ‘a’ 
Ab Ас 
E +2040 
(I) When a=b" cv d^* 


Max. permissible error in measurement of ‘a’ 


(4) Percentage error : 
Difference between actual value & calculated value x 100 
Actual value 


(5) 1 Fermi—1075 m, 1 Angstrom (А)=107! m, 1 light 
year—9'46 x 1015 т 


96 error— 


SOLVED EXAMPLES 


: Example 1. Find out the dimensions of viscosity and modulus 
of elasticity. 


Solution. The coefficient of viscosity or simply viscosity of a 
fluid is defined as the tangential force required per unit area to main- 
tain a unit velocity gradient. 

Force 
Area x Velocity gradient 

Force x Distance 

— Areax Change in velocity 
Dimension of viscosity 

_ MLT-XxL 

f BPXxLTO 

=М[гїТ-ї 


.. Viscosity— 
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Modulus of elasticity of a material is defined as the ratio of 
Stress to the strain. 


-. Modulus of elasticity 
. Stress 
— Strain 
__F/A 
~ Strain 
E = ЕЁ! УР А 
К ` AXSuain 
-. Dimension of elasticity 
MLT? 
а 
Example 2. Find the dimensions of Electrical potential and 
electrical capacitance. 


—ML2T- 


SoJution. Electrical potential 


___ Work i 
- Charge 
5 H z —2 
-. Dimensions of potential= MET 
=МІ?Т-31-1 
3 а ___ Charge 
Electrical capacitance— Potential 
"^ Di i f it er I 
<. Dimensions of capacitance— y rsr-sr 
—ML-T4 


Example 3. Find out the dimensions of gravitational constant. 
Solution. We know F=G iy. 
.. Gravitational constant, 
E RA 
mma 
-. Dimensions of gravitational constant 
‹ _ MLT?xL? 
~ MXM 
=M- L T= 


Example 4. What are the dimensions of power ? 
[D.S.S.E. 1981} 
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Solution. Power— work 
Force X Displacement 
m Time 
MLT-? XL 
= T 
=ML?T* 
Example 5. Check the dimensional consistency in the case of 
the following equations : [4.1.8.5 E. 1981, 1985] 
(a) S=ut++4 at? 
(b) v—u-rat 


(c) Е.5.=} mv?—} mv? 
Solution. (a) Dimension of S=L 
Dimension of ut—-LT?xT-L 
Dimension of $ at =LT ?x T?-L 
Since dimension of -each term in the given equation is same, 
the equation is correct dimensionally. 
(5) v=u-+at 
Dimension of v=LT— 
Dimension of u=LT 
Dimension of at=LT ?xT=LT 
Hence the given equation is dimensionally correct. 
(c) F.S.=4 mv’ — тод 
Dimension of F.S.=MLT x L=ML?T-? 
Dimension of 1 my?—M(LT3)—MLET * 
Dimension of $ my? —M(LT)*-MLT * 
Hence the given equation is dimensionally correct. 
Example 6. Check the consistency of the following equation : 


A. у T 
Vm 
Solution. c= у .T is the formula for the velocity of 
m a . 
transverse waves on a string under tension (T), *m' is being mass per 
unit length of string. 
Dimension of c=LT— 
> - ap STE ES 
Dimension of4/ Т. = MIL 
Sg 
Hence the equation is dimensionally correct. 


' or 
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Example 7. The velocity *c' of sound waves through a medium 
may be assumed to depend on (i) the density *d* of the medium (ii) its 


modulus of elasticity ‘E’. Deduce by the method of dimensions the 
formula for velocity of sand. 


Solution. Let Cocd*Ey 
or C—kd"E" where k is dimensionless constant. 
Putting the dimensions of each quantity, we.have 

LT 1 —(ML-73)* (МІГ! Т-2), 
or M?LIT1—M*] 32-7 T^?» 
i —2y=—1 and х+у=0 
^ y=} and x=—y=—} 
Experimentally we know k= 


óc c=d-4. E}. 


d =q E 
d 
Example 8. 4 liquid is flowing steadily through a pipe. The 


volume of the liquid issuing out per. second may be assumed to depend 


топ (i) the coefficient of viscosity “1р, (ii) the radius ‘r’ of the pipe, and 
(iii) the pressure gradiant (p/l) along the pipe. Deduce by the 


method of dimensions formula for the volume of the liquid flowing out 
per second. 


Solution. Let volume issuing out per sec. be 
£ 
Уос уёгу (4 ) 


£ 
wo vee(4) 
where K is a dimensionless constant. 
Putting the dimensions of each quantity, we have 


L'T —(ME-T-3* LY (UT Y 
or M?L?T-31—M**? L-£*v2: Т-2-2: 
od x+z=0 
—x—2z=—1 
ze 


z=1 | 
1 
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—x+y—2z=3 
—(—1)+у—2 (1)=3 


Dd 


Experimentally we know k= 


Example 9. Assuming that time period of a simple pendulum 
depends upon length of pendulum and acceleration due to gravity, 
deduce the formula for time period of the simple pendulum. 

[D.S.S.E. 1988] 

Solution : Let сс [*gV 
or t—kl*g" where К isa dimensionless constant. 

Putting the dimensions of each quantity, we have 

T=L*(LT 2)’ 
L°T1—LstvT-3y 
—2y=1 


or ca on 


or х= 


Experimentally we know &=27 
1=2n t gÈ 
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Example 10. Jn the formula x=3yz*, x and z have dimensions 
of capacitance and magnetic induction respectively. Find the dimen- 


sions of y in MKSQ system. (ІТ.Т.Ј.Е.Е. 1988) 
Solution. Ll 
olution. 3z 
TA : ee Mate TI? 
-. Dimensions of J= MTF 
—M^L-TSI 7 
=M“L~T*(T414) 
=M=L~T#Qs 
.. Dimensions of y in MKSQ system 
=К-3М-540 


[In MKSQ system M stands for metre (unit for L), K for kg 
(unit of M), S for sec. (unit of T) and Q for charge.] 


Example 11. What are the dimensions of (a) surface tension 
| m Sey A elas icit a ХӨ power in terms of linear momentum 
| D), Area and density А 
| Solution. We know 
| p—MLT^ > Тт=Мр“ 
| ASIA > L=A? 
| D=ML > M=DL* 

We find, L=A}/2 
M—DA?A 
T—DA?p^! 

(a) Dimensions of surface tension 

—MT--—DA? (DA? 1)2 
1 =D- a р? 

(b) Dimensions of modulus of elasticity 
=ML2T2=DA?/2 (A12)3 (DA2521)72 
=р-1А-3р° 

Di ion of ower 
| (c) 1mensio р —MLIT3-—DAS 12 (A12) (DA? py 
Zz 
2 


DIA 'p3 
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Example 12. Inan experiment with simple pendulum, the time 
period measured was 40 seconds for 20 vibrations when the length of 
the pendulum was taken as 100 cm. 


(a) If the least count of stop watch is 01 second and that of 
metre scale is 0'1 cm., calculate the maximum permissible error іп 
measurement of value of ‘g’. 


(b) If actual value of ‘g at Delhi is 97915 ms *, calculate the 
percentage error. 


Solution. (a) We knowthat the time period of a simple 
pendulum is given by 


Ue E 
T-—2nr № = 
g=4n? q^ uu 
‘where t is the time of 20 vibrations. 
Taking log of both sides, 
log g=log 44-2 log п +log /+2 log 20—2 log t 
Differentiating, we have 


A =о+о+ 4440-2 At 
Converting the negative error into positive one for max. effect, 
A Al 2At 

We have wh + 
t Ag 01 2x01 
s ^g ^ 100* 40 

=0°001-+0'005 

=0°006. 


Max. permissible error=0'006 x 100=0°60%. 


As maximum contribution to total error in the result is 
due to the individual error 0'5% in the measurement of time so ‘t 
should be measured very carefully. 


1 
() gc n^og 
Now 1—100 cm—1 m 
т=_40_, ѕес. 


20 


== 
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2 —9:8696 11572. 

.. (9:8696—9'7915) 100 
Percentage оуег= — 5-7915 x10 
=0:7976%. 

Example 13. Jn an experiment to determine the value of 
Young's modulus of elasticity of the steel, a wire of steel of 325 cm . 
in length (measured by a metre scale with least count 0*1 cm) is loaded 
by 2 kg wt. and it is found that it stretches by 0227 cm (measured 
by a micrometer having least count 0001 cm). The diameter of the 
wire as measured by a Screw Gauge (Least count--0:001 cm) is found 
to be 0 043 cm. Calculate (a) maximum permissible error (b) per- 
centage error if actual value of ‘Y’ for steel is 20x 101° N[m*. 

_ FL 4MgzL 
Al —. xD 
Taking log of both sides, р 
log Y=log 44108 M+log g+log L—log x 
. —2 log D—log! 


Solution (a) Y 


Differentiating, we have 
AY AL_o_,AD_ AL 
Fy =0+010+ L 0 25 S 
-. Maximum permissible error 
AL, 2AD , Al ) 9 
-(& р 7 ) x 100% 


p 2x0':001 , 0:001 
=(55-+ 0043 +0227 )х 100% 
—(0:00031--0:0465 4-0:0044) x 100% 
—'05121 x 100% 

—5:12196. 

ution to the total error in the result 


As the maximum contrib 
is due to individual error 465% in the measurement of D. Hence 


diameter should be measured most carefully. 
4Mg L 
® Ү==р'т 
4X2x9:8x325x 7 iH 
=52 (43 X 10-3) (227 x 1075) N/m 
— 19:31 x 101? N/m? ` 


te 
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sperent _ (20x 1019—19:31 x 1019) 
rcentage error— —— тро X 100 
=3°45%. 

Example 14. A calorie is a unit of heat i 
equals about 42J, where 1 J=1 kg т? 572. somite MEL, 2 
system of units in which the unit of mass equals а kg, the unit of 
length equals B m and the unit of time in ү S. Show that a calorie 
has a magnitude of 42 a 87° y^? in terms of the new units. 
Solution. 1 calorie—4'2 Joule 
The dimensions of energy = МІ?Т ? 

-. New unit of energy, 1—a kg (B-m)? (y S)-? 
1= В? ү? kg m? 5-2 


Or 
2o a g^? y=1 kg m? S~ 

or а! p? y*—1J 

or 1 Ј=а- Q7? y? 


21. jasa7! R72 y3? 
or 22 Calorie=e Ваз 


1 calorie—42 a f^? үг. 
Example 15. A new unit of length is chosen such that the speed 


of light in vacuum is unity. What is the distance between the Sun and 
the Earth in terms of new unit, if light takes 8 min and 20 s to cover 


this distance. 
Solution. 8 min 20 s= 500s 
Since in each 1 5 light travels 1 unit distance (in new unit of 


length). 


or 


Distance between earth and sun— 500 units. 


Example 16. The photograph of a house occupies an area of 
1:75 cm? on a 35 mm slide. The slide is projected on to a screen and 
the area of the house on the screen is 1:55 тї. What is linear magni- 


fication of the projector screen arrangement. 
Solution. 
A NE 1:55x10* cm? 
Linear magnification — M 17 Sem? 
= 1/8857 1428 
=94'11. 


Example 17. The length, breadth and thickness of a rectan- 
gular sheet of metal are 4234 m, 1005 m and 2:01 cm respectively. 
Give the area and volume of sheet to correct significant figures. 


Solution. Area of all the 6 faces of the sheet. 
—2(lx b--bx ht hxl) 
=2(4°234 x 1:005 4- 1:005 x *0201 +°0201 x 4:234) 
—2(4:25517 4-0202005-1-0'0851034) 
—872m* 
Volume —Ixbxh 
=4'234х 1:005:х `0201 m? 
=0'0855 m?. 
Note. Since thickness is given only in 3 significant figures so 
area and volume are calculated in 3 significant figures. 


Example 18. 4 physical quantity P is related to four obser- 
vations a, b, c and d as follows : 
P—ab cd 
The percentage errors of measurement in 'a, b,c and d are 1%, 3%, 
4% and 2%, rvspectively. What is the percentage error is the quantity 
P. If the value of P calculated using above relation turns out to be 
3'763 to what value should you round off the result ? 
Solution. Since P—a?P? (cd)}/* 
% error in P=3(% error in a)+2(% error in b) 
+4(% error in c+% error in d) 
—3X19$--2X 395 4- 1(495-- 2%) 
=12%. 
Since percentage error in P has 2 significant figures, P must 
also be expressed in 2 significant figures. 
3:763 should be round off to 3:8. 
Example 19. The unit of length convenient on the atomic scale 
is known as Angstorm and is denoted by A: IÀ— I0 39 т. The size 


of the hydrogen atom is about 0:5 А. What is the total i 
volume in mi of 1 mole of hj drogen atoms ? “үте 


Solution. 1 mole of hydrogen atoms=6:023 x 1022 atoms 
Volume of ЇН, atom =: nr 
4 


= х2 (0'5 х10-19 m? 


Volume of a mole of hydrogen atom 
7 4 22 
=6°023 x 10® X= x 7 X0125% 10-80 m3 
=3°155x 107? ш, 
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Example 20. The mole of an ideal gas at STP occupies 2241 
(molar volume). What is the ratio of molar volume to the atomic 
volume of a mole of hydrogen atom? (Take the size of hydrogen 
molecule to be about I A). Why is this ratio so large ? 

Solution. Atomic volume of a mole of hydrogen atoms 


=3'155x 1077 m? 
=6'023 x 10? х - x z X (1x 107195 
=2'524 x 10-5 m? 

(See Solved Example 19) 


Molar volume of 1 mole of Hydrogen gas 
—22'4 litre 
=22:4 x 10-° т? 
Molar Volume __22°4x 107% 
Atomic Volume ~ 2524x107 
=8874'8. a 

Intermolecular spacing in a gas is much larger than the size of 
a molecule. 

Example 21. А SONAR (sound navigation and ranging) uses 
ultrasonic waves to detect and locate objects under water. In a sub- 
marine equipped with a SONAR the time delay between generation of 
a probe wave and the reception of its echo after reflection from an 
enemy submarine is found to be 77:0 s. What is the distance of the 
enemy submarine? (Speed of sound in water=1450 ms). 

Solution. If x is the distance of the enemy submarine from 
ship, then j | 
Distance— Velocity x Time 

2x—1450x 77 m 

x=725 X77 m 
= 55'825 km. 
J EXERCISE 2 
1. Deduce the dimensions of volocity, acceleration and force. 
2. Deduce the dimensions of area, volume and density. 
3 Deduce the dimensions of moment of a force and energy. 
[H.P.S.S.E. 1988 ; A.I.S.S.E., 1985] 


i i i ular momentum and viscosity. 
4. Obtain the dienten of ang SS en 
Deduce the dimensions of moment of inertia. [4./.5 S.E. 1988] 
What are the dimensions of power ? [A.I.S.S E. 1981] 
Deduce the dimensions of torque and angular velocity. 

Find out the dimensions of surface tension and magnetic 
induction. 


($us 
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Find the dimensions of magnetic field. (A.I.S.S.E. 1980) 
Check the dimensional consistency in the case of the following 
equations : 
(a) Centripetal acceleration, 
“es x [4.I.S.S.E. 1979) 
(b) S—wt--3 at? [4.1.5.8.Е. 1985] 
‚ (с) v? —v?--2aS. 
I mm v 
=— — t=2 ds 
Фе ave © "ү 
(Р) v= \/ с ез, (НЕ: 
fons 2x I @ с d: 
h = T Ч 3 = 2 
(h) = (i) S=Ẹ gt 
3 v? 7А 
5=—— ERIT Ap 
o 2g (k) I 2cos 0 
(1) F=6xyrv. 
(m) Volume of liquid issuing out per sec. 
у'— Apr. 
Е 8y/ 
(n) F.S.=mgh (o) Е=тс? 
223. _у тїсї 
(р) P= 3276 @) P= — 
Find out the dimensions of gravitational cons:ant and per- 
meability. m 
Find out the dimensions of charge, electric field and induc- 
tance. 
The time period T of a simple pendulum may depend upon 
(i) the length of the pendulum ‘7’, (ii) acceleration due to 
gravity ‘g’ and (iii) mass of the bob ‘m’. Obtain dimensionally 
a formula for the time period ‘T’. [4.1.5 S.E. 1986) 
Reynold number Nx (a dimensionless quantity) determines the 


condition of laminar flow of a viscous liquid through a pipe. 
М№ is the function ofthe density of liquid ‘P’, its average 
speed ‘v’ and the -coefficient of viscosity of liquid “ү. Given 
that Na is also directly proportional to 'd' the diameter of the 
pipe. Show from dimensional consideration that 


Nr «x —— 


[The unit of » in S.I. system is kg m-7!s-1] [4.1.8.5.Е. 1980) 
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А gas bubble from an explosion under water oscillates with a 
period ‘f’ proportional to Р° 2° E^ where P is the pressure, d 
is the density and E'is the energy of the explosion. Find the 
values of a, b and c. ИЛТ. J.E.E. 1981] 


: Derive an expression for excess of pressure inside а Soap 


bubble by method of dimensions, assuming that excess pres- 


sure may depend upon (i) radius of the bubble ‘7’ and (ii) the 


surface tension of liquid ‘T’ (dimensionless constant k=4). 


Tis capillary rise (h) їп a tube may be assumed to depend 
upon (i) density of liquid “р”, (i) surface tension of liquid T". 
(iii) radius of tube ‘r. Given that ‘h’ is inversely proportional 
to acceleration due to gravity ‘g’. Deduce an expression for 
capillary rise by method of dimensions. 

[Dimensionless constant k=2 cos 0] 

The terminal velocity (v) of a spherical body moving in a 
liquid may assume to depend upon (i) viscosity of liquid “ү, 
(ii) radius of sphere ‘r’ and (iii) viscous force ‘R’. Prove by 
method of dimensions that 


v 


бтлу 

The largest mas ‘m’ of a stone that can be moved by flowing 
water in a river depends upon (i) the density of water ‘P’, 
(ii) velocity of flow of water ‘v’ and (ii?) acceleration due to 
gravity ‘2°. Deduce a relationship among т, p,vandg by 
method of dimensions. | 

[Delhi University (Jst year) 1974, 1978] 
Prove by the method of dimensions that period (t) of oscilla- 
tion of a vibrating drop is given by 


1=K V үр; 
in 
where r=radius of drop, T —surface tension 


and p=density of liquid. 

The frequency ‘v’ of oscillation of sonometer wire шау be 
assumed to depend on (i) the mass per unit length of the wire 
‘m’ (ii) tension acting on the wire ‘T’ and (їйї) length of the 
wire ‘l’. Deduce by methods of dimension an expression 
for ‘v?, | ў 

An artificial satellite of mass ‘m is revolving in а circular 
orbit around a planet of mass ‘M’ and radius R’. If the 
radius of the orbit of the satellite be r, justify by the method 


of dimensions that the time period of the satellite is given by 


=e 
pa 2m |n 


R 
з [D.U >. Med. 1977] 


23. 
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26. 


31. 


32; 
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Ifa planet moves round the Sunina circular orbit and its 
time period “г? is found to depend upon the mean) radius of 
the orbit ‘r’, the mass of the sun ‘M’ and the universal gravi- 
tational constant ‘G’. Prove by the method of dimensions that 


=a constant [4.I.S:S.E. 1981] 


‘Prove by methods of dimensions that acceleration due to 


gravity ‘g’ inside the surface of the earth is given by 
4 
=з GzRp 


where С = gravitational constant, 
К —radius of the earth, 
and p—mean density of the earth. 


An open U-tube of uniform area of Cress-section contains 
mercury. Letthe length of whole mercury column be L. The 
mercury in one limb is depressed a little and then allowed to 
oscillate freely. Prove by the methods of dimensions that time 
period of oscillation is given by 


UE 
T=2: 14 
К] 2g 


The frequency of oscillation of a tuning fork may be supposed 
to depend upon the length of the prong ‘/’, density of material 
‘p’ and Young's modulus of elasticity ‘E’. Deduce the expres- 
sion for frequency of oscillation by method of dimensions. 


The ‘velocity of sound ‘C? in air at constant temperature 
depends upon the pressure ‘P’ and density ‘P’ of air. Deduce 
by method of dimensions an expression for velocity of sound. 

Obtain Stoke's law (R=6xyrv) by method of dimensions. 

Find the dimensions of (а) Force, (6) momentum, (c) surface 
tension in terms of frequency, velocity and density as funda- 
mental units, { 

Find the dimensions of (a) Linear momentum (5) angular 
momentum (c) Young's modulus in terms of velocity, accele- 
ration and force as fundamental quantities. 

Deduce by the method of dimensions an expression for the 
energy ‘E’ of a particle executing simple harmonic motion 
which may be assumed to depend upon (i) the mass ‘m’, (ii) 
the frequency ‘v’ and (iii) the amplitude of vibration ‘a’. 

The velocity v of water waves depends on wavelength ‘A’, 
density of water “р” and acceleration due to gravity ‘g’. Deduce 
by the method of dimensions the relation between v, A, р 
and g. [A.I.S.S-E. 1980] 


v2 
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33: 


34. 


35. 


36. 


97 


38. 


39. 
40. 


41. 


42. 


43. 


of elasticity of bra: 


Find out the dimension of k in the following expression for 
the force acting between two charges qı and 4, separated by а 
distance ‘d’ 


Fak S 


The hydrostatic pressure “р” exerted by a liquid may be assum- 
ed to depend upon height ‘h’ density ‘p’ and acceleration due 
to gravity ‘g’. Find how does p depend on A, P and g by 
method of dimensions. 


Escape velocity ‘v’ fora planet may be assumed to depend 
upon the radius of the planet ‘r’ and acceleration due to 
gravity ‘g’ on the surface of the planet. Deduce relation 
between.v, r, and g by method of dimensions. 

The time period ‘T’ of a mass oscillating vertically on a spring 
may be assumed to depend upon force constant ‘i.e., force per 
unit displacement) ‘k’ and (ii) mass of the body and (iii) acce- 
leration due to gravity ‘g’. Deduce by method of dimensions 
expression for T. 


Obtain the dimensions of the coefficient of thermal conductivity 

of a solid. p 

Deduce by method of dimensions the expression for the 

(a) centripetal force in terms of mass, speed and radius of 
circular path. 

(b) energy in terms of mass of the body and its velocity. 


A screw with threads of pitch 0'5 mm is available. How can 
u use it to make a screw gauge reading upon 0'01 mm. 
v (LIT. J.E.E. 1966) 
r callipers 10 vernier scale divisions coincide with 
AMD division. Find the least count of the vernier 
calliper if main scale division is | mm. M 
i le ot a screw guage is divided into 100 divisions. 
it he a distance of 5 mm when given 10 complete 
rotations. Find its pitch and least count. 
i i de in an experiment to 
llowing observations were ma j 
a Tis radii of curvature of a concave mirror using a 
spherometer. › 
=44ст, һ=0`085ст 
i issi d (b) percentage 
ind (a) the maximum permissible error and 1 
s Tnm radius of curvature of concave mirror is 40 cm. 
ine the value of Young's modulus 
T безар brass of length 312 cm (measur- 
le with least count O'l cm) is loaded by 


In an experiment 


ed by a, metre sca 


44. 


45. 


46. 


47. 


48. 


49. 


50. 
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1'5 kg wt and it is found that it stretches by 0:449 cm (measur- 
ed by a spherometer having least count 0:001 cm). The 
diameter of the wire ias measured by a screw gauge of least 
count—0:001 cm) is found to be 0'37 mm. Calculate (a) 
maximum permissible error (b) percentage error if actual 
value of Y for brass is 9x 101? N/m?. 


Inan experiment with simple pendulum, 20 vibration take 
44:4 sec. (as measured by a stop watch having least count 
0*1 sec.) for length of the pendulum as 1205 cm. (as measured 
by athecre scale having least count 01 cm). Calculate (a) the 
maximum permissible error and (ii) the percentage error if 
the actual value of ‘g’ at Delhi is 97915 ms ?. 

If in the above Question No. 44, 25 vibrations take 44°9 sec. 


for the length of pendulum as 79:8 cm. Calculate the two 
said errors in the question. 


A laser is a source of very intense, monochromatic and uni- 
directional beam of light. A laser beam aimed at the Moon 
takes 2°56 S to return after reflection at the Moon's surface. 
How much is the radius of the lunar orbit around the earth ? 


The sun is a hot plasma (ionized matter) with its inner core 


-ata temperature exceeding 10? К and its outer surface ata 


temperatures no substance remains in a solid or liquid phase. 
In what range do you except the mass density of the sun to 
be? In the range of densities of solids and liquids or gases ? 
Check if your guess is correct from the following data : mass 
of the sun 2'0 xX 103° kg, radius of the sun—7:0x 108 m. 


OPJECTIVE TYPE QUESTIONS 


Dimensions of energy are 
(а) MLT-? (6) M?L?T— 
(c) ML°?T* (d) ML?T 7.  [4.7.1.M.S. 1982] 


The dimensions of the quantities in one (or more) ot the 
following pairs are same. Identify the pair(s) 


(a) Torque and work 

(b) Angular momentum and work 

(c) Energy and Young's modulus  . i 

(d) Light year and wavelength. (LIT. J.E.E. 1986] 
L,Cand R represent the physical quantities inductance, 


capacitance and resistance respectively. The combination which 
have the dimension of frequency are 


(a) 1/RC (b) R/L. 
©) 1/4/LC t (d) CIL. ИЛТ. J.E.E. 1984] 
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925 


53. 


54. 


55. 


56. 


57. 


Match the physical quantities given in Column I with dimen- 
sions expressed in terms of mass (M), length (L), time (T) and 
charge (Q) given in Column II. 


I II 
(a) Angular momentum 1. МІ?Т-2 
(6) Latent heat 2. ML?Q73 
(c) Torque 3. МІТ! 
(d) Capacitance 4. MD'T?Q* 
(е) Inductance 5. M3L-2L2Q? 
( f) Resistivity 6. LT 


ИЛТ. J.E.E. 1983] 
‘The dimensions of Plank's constant are the same as that of 
(a) Energy (b) Mass 


(c) Frequency (d) Angular momentum. 
[A.1.I.M.S. 1983] 


Which one of the following pairs have same dimension 
(a) Work and power 
(b) Momentum and impulse 
(c) Density and-relative density . 
(d) Planck's constant and energy. [C.P.M.T. 1988] 
Dimensional formula for torque is 
(a) L?MT? (b) L-1M!T^* 
(е) LMT”? (d) LMT. 

' [M.A.M.C. 1983] 
Dimensional formula for gravitational constant is 
(a) LMT (b) L'MT °? 
(c) LIMc T3 (d) L°M°T®. 

(M.A.M.C. 1982; C.P.M.T. 1988] 
Which of the following combinations have same dimensions : 
(a) Work, couple and power 
(6) Impulse, momentum 
(c): Force, momentum, pressure 
(d) Pressure, force, stress. [C.P.M.T. 1988) 


Match the dimensions given in Column B with physical quane 
tities in Column A : 


Column ‘A’ Column ‘B’ 
(a) Couple 1. ML*T-3 
(b) Surface tension 2. ML^T-^ 


(с) Momentum з. MP'T* 


58. 


59: 


60. 


62. 


63. 


64. 
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(d) Power 4. MT? 

(e) Modulus of Elasticity 5. MIT! 

The period of a body under SHM is represented by T—p*p'a* 
where p is pressure, P is density and с is the surface tension, 
the values of a, b and c ate 


3- di 1 3 
@ 5.51 (0 >> 79>! 
(c) —1, —2, 3 (4) 1,2,4 
[B.H.U. 1983) 
The dimension of velocity gradient are 
(à ML-'T3 (b) M°L°T 
(с) MLI?T^ (d) none of them. 


The dimensions of pressure in terms of density (D), velocity 
(V) and time (T) are 

(a) ру? (b DVT 

(c) DVT? (d) DV-!T-*. 


What is the dimensions of pressure gradient in terms of linear 
mementum (P), Area (A) and density (D) ? 


(a) DA-ip- (b) р-Аёр2 
() D3-Aip (с) Ю-!А-#рї, 
In Vander Waal's equation 

(P+ s) (V—b)=RT, 
the dimensions of a are 
(a) ML>T-? (b) ML°T* 
(c) M®L~*To (d) МӘТ. 
The distance travelled by a body in the nth second is given by 

Snn=Vitda (2n4- 1), 

the dimensions of Ve and ‘a’ are— 
(a) LT, LT? (b LT*L 
(c) LT*, LT? (d) LTT, LT, 
Fill in the blanks : 
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65. 


66. 


67. 


68. 


69. 


(c) Sataabdi Express even moves with a speed 144 km/h. It 
covers......m in 1 S 


(d) The relative density of mercury is 13:6. Its density is 
deren g cm^? or------kg m^*. 


State the number of significant figures in the following : 


(a) 5'278x 10 (b) 0:0005208 m 

(c) 0520s (d) 430 kg 

(е) 8:002x1075 N (f) 16:00 cm 

(g) 20:006 mm. (А) 0:017 m. 

Fill in the blanks : 

(а) I m—----fermi. (b) 1 m=.--.--light year 
(c) 1 À—.....cm (d) 45 km/br=....-- m/s 


(e) 1 g/c.c.=......kg/m*® 

The % error in the measurément of effective length (1) is 2% 
and in time period (T) is 1%, · The maximum permissible 
error in the measurement of g will be 

(a) 3% (b) 2% 

(c) 6% (d) 4% [C.P.M.T. 1988] 


The percentage error in the measurement of length of a square 
is 3%. The error in area will be 


(a) 3% (b) 9% 

(c) 6% (d) 12% [C P.M.T. 1988) 
The density of water in C.G.S. is 1g/c.c. The density in 
M.K.S. unit is 

(а) 10°kg/m* (b) 1 kg/litre 

(c) 107? kg/m? (d) 10° kg/m*. [C.P.M.T. 1988) 


; o0 
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Motion in One, Two and Three 
Dimensions and Laws of Motion 


IMPORTANT FORMULAE 


1. Fora body moving with a variable velocity, we take average 
velocity (V) which is the ratio of total distance (S) travelled 
by the body to the total time (г) taken, i.e. 


ed 
t 


2. Fora body moving with uniform velocity, its velocity at any 
time is given by 
S 


t 
3. The instantaneous velocity at any instant is given by 


_ 8 
а 
4. Fora body moving with uniform acceleration ‘a’, 
Vy=Vit-at } where Vy=final velocity 
S=Vit+har*® | WVs=Initial Velocity 
VP=Ve+2aS $ S=Distance travelled 


Sna=Vi+ta (2n-+1) J Sna=Distance in nth Second. 


[Note. Always consider a= +g for a bodying falling freely for 
its vertical downward motion and a= —g if it is projected up for 
its vertical upward motion where g is the acceleration due to 


gravity.] 
5, For the motion of a body ina plane projected with velocity 


‘y’, making an angle ‘6’ with the horizontal i.e. for projectile 
motion. 
Ve=(Vo cos 0) £ 
Vy—(V, sin 8) t—4gt* 
+; 
у= V Vert Vy 


2Vosin Û 
g 


Time of flight— 


` 281 
Range of projectile Sin 2 


Maximum range =“ 


6. Resolution of a vector ‘V’ into two perpendicular component 
give one component as V sin 6 and the other component as V 
соз Ө where 0 is the angle which vector ‘V’ makes with 
component V cos 0. 

7. A=Aa-+yb where A and g are real numbers. 

8. The maximum force of static friction, fm,—j4,N 
where N—normal relation. 

9. Ifa body is just to slide down on an inclined plane, 

. fm mg sin Ө 
and N-mg cos 0 
55 ра —tan 6 
10. Force required not to allow the body to move down the 
inclined plane, f; —mg (sin 0— д» cos 0). 
11. Force required to move the body up an inclined plane, 
f,=mg (sin Ops cos 9) 
у 


12. Angular velocity, ont لے‎ 


Linear velocity, V—2n'nr where n=no. of revolutions 


per sec. 
13. F=ma 
14. Е=т;а; =т;за, 
15. mv=MV 


16.  (mius-I- mug) — (qm; vi--msva) 

17. (mu 39m) - (gm? vi? mv) 

18. Ifa body of mass ‘m’ moving with velocity Vj; collides with 
a body of mass ‘тг’ at rest, their respective velocity after 
collision will be. ` 


PREND s | It is supposed that the two 
(mitm b bodies after collision moves 
| 


in the same direction. 


Үу= 


_ 2m y. 
MA ~ (mid mg) MI J 


19, Resultant of two vectors P and Q acting at an. angle *° with 
each other 


R= y (P? +Q?-+2PQ cos 6) 
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20. Impulse=F.t=mlv—u) 
21. Apparent weight of a body in the lift. 


R=m(g-+a) when lift moves upwards with uniform 
acceleration ‘a’, 


R—m(g—a) when lift moves downwards with uniform 
: acceleration ‘a’, 


and R=me, if the lift moves with uniform velocity 
` — (since a=o) 
SOLVED EXAMPLES 


Example 1. 4 car moving along a straight highway with speed 
126 km/h is brought to rest within a distance of 200 m. What is the 
retardation of the car (assumed uniform) and how long does it take for 
the car to stop ? я 


Solution. У‹=126 х D/s=35 m/s 


Vj=0, S=200 m 
By 2aS=V72—Ve? 
2x ax 200=0—35 x 35 
а= —3`0625 ms? 
Retardation == 3:06 ms * (only 3 significant figures) 
By Vs=Vitat 
0=35—3°0625 t. 


51095 TAS 


Example 2. Two trains. A and Bof length 400 m each are 
moving on two parallel tracks with a uniform speed of 72 km/h in the 
same direction, with A ahead of B. The driver of B decides to over- 
take A and accelerates by 1 ms ®. Jf after 50 s, the guard of B just 
brushes past the driver of A, what was the original distance between 


them ? 
Solution. For train B. 


V,—72 km/h=72X x —20 ms! 


а= 1ms^?, 1=50 $ 
By S=Vit+} af, 
$=20x 50+4x 1 x 50* 
—1000-r-1250 
S=2250 m. 
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For train A, 
U=20 ms^!, t=50 5 
By S=Uxt 
—20x 50 
—]000 m 
Original distance between two trains 
—(2250—1000) 
=1250 m. \ 
Example 3. An acroplane is flying due north with a velocity of 
80 kmjh. If wind blows due to east at 20 km|h. Find the resultant 
velocity of aeroplane with reference to earth. 
Solution. V,=80 km/h, V,—20 km/h 
Resultant velocity, 
у= (VO?) 
= A/ (80:-E207,— 80:46 km/h 


31ے 
tan V, 20 4‏ 

ha 0—76* north of east. 

Example 4. Fuclis consumed at the rate of 100 kg per second 
ina rocket. The exhaust gases are enjected at a speed of 45 x 1 0* 
ms. What is the thrust experienced by the rocket ? 

Solution. Force of ejecting exhaust gases, 

. F=ma 
т (М) 


AD 
Now ` m-100 kg, t—1 s 
Vı=0 and Vy—45x10* ms? 
100 (45 x 10*—0) 
po UM 


—45x10* N. 
There will be a reaction.(thrust) equal and opposite to action 
force (F). Ч 
.. The thrust experienced by the rocket=4'5 x 10$ N. 
Example 5. 4 particle has a displacement of 12 m towards 
east and 5 m towards the north and then 6 m vertically upwards. Find 
the magnitude of the sum of these displacements. [D B.S.S.E , 1978} 
Solution. Since displacements of 12 m due east and 5 т due 
north are at right angle to each other, their resultant, 
R= vV 12245 
=V 144425 
=4/169 
=13 m. 


ЗІ 


Resultant displacement R—13 m is in horizontal direction and 
Jlisplacement 6 m is in vertical direction. So they are at right anglc 
'о each other, hence the resultant of given three vectors, 

; R= 132462 
=: 0/205 
= 14°32 m. 


Example 6. An aeroplane takes off at an angle of 60° to the 


horizontal. -If the component of its velocity along horizomal is 200 


km ЇЇ. What is the actual velocity ? Find also the vertical compo- 
nent of the velocity. f 


_ Solution. Let V be the actual velocity of aeroplane, then 
horizontal component= V cos 0 


200—N cos 60 
кыдо) 
со$ 60 
Vertical component=V sin 0 
== 400 sin 60 
43 


—400x 75 


=200 x 1732 
= 346:4 km/h. 


—400 km/h 


Example 7. 4 truck of mass 2500 kg is moving at the speed of 
54 km/h aud is.acted upon by two forces of 500 N due to engine and a 
retarding force of 100 N due to friction. Calculate the acceleration 
of truck and distance moved by it in 10 minutes. 


Solution. F= 500—100—400 N 
m=2500 kg 
F 400 =z 
a осу, =0`16 ms 


Now Vi=54 km/h —54 x 5/18:- 15 т^, 
1—10 тіп= 10 x 60— 600 s 
By S=Vit+ lat. 
S==15 x 600--3x0:16 x 600* 
::9000-1-28800— 37800 m 
—3T8 km. 


Example 8. A boy whose mass is 50 kg is standing on a weigh- 
ing machine inside a lift which is moving with an acceleration of 2ms °. 
What is the weight of the boy as recorded by weighing machine when 
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(a) lift is going upward, (b) lift is going downward, (c) lift is: moving 
with uniform velocity. (Take g— T ms ?\. 
Solution. (a) R,--mí(g4-a) 


=50(10+2) 


=600 N= ke wt.= 60 kg wt. 
(b) R,—m(g— a) 
—50(10—2) 


à —400 N—40 kg wt. 
(с) Кз =т= |Since а= 0] 
—50 kg wt. 

Example 9. Two objects of mass 5 kg and 3 kg respectively 
are connected by a light cord passing over а horizontal frictionless 
pulley. What is the acceleration of the system and tension in the 
cord? 
Solution. 


F=5X98—3X98 


=2x98=196N 


0 
m=(5+3)=8 kg 


The acceleration of the system. 


F 
а= — 
m | 
19:6 E. nog 
وھ 96ے‎ met Fe Ца 
Appiying Newton’s 2nd law of motion 
(T—3x9:8)—3x245 


[F= ma] e. 
T—3(984-245) 


=3x 1225 


Y 
3»98N 
=3675 N 


a 
[Note. The students may also work out the | 


value of T considering the forces on t 
alone]. 


he mass 5kg 
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Example 10. A roller of mass of 400 kg is attached by a light 
horizontal chain to a tractor of mass 1000 kg. The backward force of 
friction exerted by ground is 800 N. If the system has e forward 


acceleration of 2ms~*. Calculate the forward force of ground on trac- 


tor and the tension in the chain. 
Solution; If F is the forward force of the ground on the 
tractor, by Newton’s 2nd law of motion, 
(F—800)=2 x 1403 
F=3600 N 
Considering the tractor alone, if T is the tension in chain, 
(3600—T)=2 x 1000 
T=1600 N 


: (Note. The students may work out the value of T consider- 
ing tthe roller alone). : 


j Example М. A body of mass 2 kg makes an elastic collision 
with :other body at rest and continues to move in the original direc- 
tion with a speed equal to one-third of ity original speed. Find the 
mass of the second body. I) 


Solution. m,=2 kg, m=? 
u, =u, ug—0 
v=} u 
7. myyt тә = тщ Malla М 


2х Ado m2 xu+0 
uns Malg =u ...)1( 


3 
By 4m? marg + тшу? +4 meu," 


2x (+) mm, —2u +0 
А а LOS 
СУ ть; Sap --.(2) 
Dividing eqn. (2) by eqn. (1) 
4 
т=з 
Ву сап. (1), 

m=] kg. 

Example 12. 4 bomb is dropped from an acroplane when it is 
directly above a target at a height of 1960 m. The aeroplane is going 
horizontally with a speed of 540 Кт 7. By how much: distance will 
the bomb miss the target ? | 

Solution. For the verticsl downward motion of the bomb, 

w(—0, s= 1960 m, a=+¢=9% my? 
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.. By. s—vd-- dat 
1960—0--3x 98x 2? 
1960x2 
2— — = 
t 98 400 
.t—20 s 
During this 20 s the bomb will move in horizontal direction a 
distance given by 
s—uxt 
5 
-( з540х-1у—) х20 
=3000 т 
-. The bomb will miss the target by 3 km. 


Example 13. Rain is falling vertically with a speed of 30 ms. 
A man rides а bicycle with a speed of 10 ms") in the north to south 
direction. What is the direction in which he should hold his umbrcila ? 

Solution. The relative velocity of air with respect to man 


(supporting him stationary) is 10 ms ^. 


AIR VELOCITY = V; 


=V, 7 / | 
UMBRELLA / 


y / 


V.=10 ms and V,—30 ms? 


е Vs s 10: 

tan 0— У, = 30 

=}=0°3333 
9—18? 16’. 


So the umbrella should be hold at 18° 16’ with vertical towards 
south. 


;: Example 14. In a harbour, wind is blowing at the speed of 
72 km/h апа the flag on the mast of a boat anchored in the harbour 
flutters along the N-E direction. If the boat starts moving at the 


speed of 51 km/h to the north, what is the direction of the flag on the 
mast of the boat? 


Solution. Jn Fig. 3°3, QE=PN=V, (velocity of boat) 


=51 kmh 
NE- V, (velocity of flag) 
=72 kmh- 
=QE 5! 
sin Us БЕТ. 
sin 0—0:7083 


From Natural sin table, Ө= 5:1? 
Z QNS —(04-45*) 
—(45:1?-- 45?) 
=90'1° 


ke 
Dn 


w 
Fig. 3.3. 


The direction (NQ) of flag is at 90:1? from NS, i.e., almost 
Eastward. 
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Example 15. An aircraft is flying at a height of 3400 m 
above the ground. If the angle subtended at a ground observation 
point by aircraft positions 10s apart is 30°, what is the speed of the 
aircraft ? 

Solution. Let velocity of aircraft be *v" ms". 


POSITION 1 POSITION 2 


Fig. 3 4. 
etween the two positions P and R of aircraft 


.. The distance b 
at an interval of 10 s=10 v. 


= Ja rt. Z AOQR, tan 15*— бо. 


50 
0:2679— 3400 
o=182°2 ms“. 


Example 16. A man can : swim with a speed of 4 km|h in still 
water. How long does he take to cross a river I km wide if the river 
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„ flows steadily at 3 km|h and he makes his strokes normal to the river 
current? How far down the river does he go when he: reaches the 
other bank ? What is the velocity of swimming for man ? 

Solution. S—1 km, U;—4 km/h 
mesh 
= 7 
=} hr. 


t=15 min. 


Due to flow of river at the speed of U,=3 km/h, the man will 
go down the river by a distance, 


S—Usxt 


If R is the resultant velocity of swimming for man, 
R-VU;-UZ 
-VEFE 
—5 km/h. 
Example 17. The ceiling ofa long hall is 25m high. What 


is the maximum horizontal distance that a ball thrown with a speed of 
40 mls can go without hitting the ceiling of the ball? 


Solution. We know that for the vertical upward motion of 
the ball thrown with a velocity 40 m/s at an’ angle 0 with the hori- 
zontal, v, —40 sin 0, a=—g and v;—0. 

By 2а5= 02—11°, we have 
2 (g) x 25—0?— (40 sin 8)* 
2x9 8X25 
40x40 
=0°5534, 
0—33:6? 
ے‎ sin 20 
8 
_ 40x 40 xsin (2X 3376) 
^ 9:8 1 
...1600x 9219 
E 9:8 
21505 m. 


sin 0= ^ 
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Example 18. А cricketer can throw a ball toa maximum 


horizontal distance of 100 т. How much high above the ground can 
the cricketer throw the same ball ? 
2 
Solution. We know Rmus= - 
v0? 100 x g 


For vertical upward motion of the ball projected vertically 
upward with the same velocity ‘x’, 


s==?, v;=0, 
v:=v= 100 xg 
and a=—g 


By 2as—vj?—v;? 
2 (—g) s=o0®—100Xg 


5=50 m. 

Example 19. A body of mass 5kg is acted upon by two 
perpendicular forces 8 N and 6 N. Give the magnitude and direction 
of the acceleration of the body. 

Solution. Net force on the body, 


F=vV (FPFF) 


=V (8962) 
F=10N ` 
and m=5 kg 
.. By Е=та 
а= 19 —2 ms? 


If the direction of the acceleration is making an angle 0 with 
Fı, 


0=36° 52’ with the direction of 8N force. 


Example 20. The driver of a three wheeler moving with a 
speed of 56 km/h sees a child standing in the middle of the road and 
brings his vehicle to rest in just 4 s time to save the child. What is the 
average retarding force on the vehicle ? The mass of the three wheeler 
is 400 kg and the mass of the driver is 65 kg. 
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5 М 
Solution. v;=36 km/h =36х 18 =10 ms? 


vy —0, t—4s 
29 By vs=vi-+at 
0=10+ax4 
q——25ms? 
Average retardation —2'5 ms"? 
m=(400-+65)=465 kg 
Average rctarding force, 
—m X Average retardation 
—465x2'5 7 
—1162:5 N. 

Example 21. А particle of mass 0'4 kg moving with а cons- 
tant speed of 10 ms?! to the north is subject to a constant force of 8 N 
directed towards the south for 30 s. Take the instant the force is 
applied to be t=0, the position of the particle at that time to be х=0 
and predict its position at t—5 s, 25 s and 100 s. 

Solution. m—0'4 kg, F=8 N 

д Е —8 

d a= WT 4 

Since the direction of force is opposite to that of velocity. 

(i) For t=—5 s, U=10 ms? 

(Since force is applied at t=0 that means the particle moved 
with uniform velocity up to 5s). 

: E x=Uxt 
=10x—5 
=—50m c 
(ii) For t=25 s, vi=10 ms, a= —20 ms * 
By S--vit-4-3 at? 
х=10х25—{х20х 25? 

—(250—6250) m 

——6 km 

(iii) For t=100 s, we will calculate x in two parts. 

In first part of motion the particle moved with a=—20 ms? 
for 30 s and in second part the particle moved for 70 s with a cons- 
tant velocity it gained during 30 s. 

“. For 1—30 s, v,— 10 057, а= —20 ms, 
by S=vit +4 а? 
x, 10x 30—3 X 20 x 303 
=—8700 m 


=—20 ms? 


and by vy=vi+at, 
v;—10—20 x 30 
= — 590 ms™. 
It will become uniform velocity for the further journey since 
now force ceases to act. 


om For 1=70 s, U=— 590 ms! 
.. By S=U xt 


X= — 590 × 70 
x= — 41300 m 
z^ x=(x,+2) 
=(—8700—41300) 
=—50 km. 


Example 22. А car starts from rest and accelerates uniformly 
with 2ms-?. у? 1—10 s, a stone is dropped out of window (1m high) 
of the car. What are the (a) velocity and (b) acceleration of the stone 
at t=101 s? (Neglect the air resistance’. 


Solution. (a) For /=10 s 


v,=0, а=2 ms? 


By vp=vi+at 
=0+2х10 
су=20 m/s. 


At 1—10 s, the stone is dropped in air so for further journey 
of stone it will move with constant velocity at 20 m/s. 


. At 1=10`1 s, 
: Velocity of stone in horizontal direction, 
vz=20 m/s 


For the velocity of stone in vertical direction (Vy) after 0'1 s 
from dropping, 
v(—0, t-01s 
a—-g =98ms* 
^ By vg=vitat ; 
ty=9'8 x 1—0:98 ms? 
Resultant velocity of stone at 10'1 s, 
V= улгу 
— V0 FOE 
~ 20:024 ms? 
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If the resultant velocity is making ап angle ‘0’ with vertical, 


tan 0— XE 
ту 
20 
= 098! 
tan 0—207408 
85 0=87° 12’ 


1 direction is zero, so net 
rd direction which 
the acceleration 0 


(b) Since acceleration in horizontal 
acceleration of stone is only in vertical downwa 
is, g=9'8 5-2 at any time, so also at /=10`1 s, 
stone, 
a=9°8 ms *, vertically downward. 


Example 23. A helicopter of mass 1000 kg rises with a verti- ` 
cal acceleration of 15 ms ®. The crew and the passengers weigh 300 
kg. Give the magnitude and direction of 
(a) force on the floor by the crew and passengers. 
(b) action of the rotor of the helicopter on the surrounding air- 
(c) force on the helicopter due to surroundirg air. (Take 
g=10 ms“). : 
Solution. (a) Force on the floor 
-—m(g--a) 
=300 (104-15) j 
=7500 N e 
(b) Actual acceleration of helicopter in vertical upward 
direction, 
4—(154-10)—25 ms? 
Total mass which is rising in air, 
m=(1000+300)= 1300 kg 
-. Action on the surrounding air by the rotor of helicopter, 
F=ma 
—1300x25 
=32500 N 
(c) Since to every action there is an equal and opposite reac- 
tion, the force on the helicopter dus to surrounding air=32500 N. 


Example 24. A stream of water flowing horizontally with a 
speed of 15 ms gushes out of à tube of cross-sectional area 107? m? 
and hits at a vertical wall nearby. What is the force exerted by the 
impact of water on the wall, essumizg it does not rebound ? J 
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Solution. F=ma 


= vp)( 2 = ) | 


V 
pP; = 


V 
where em (volume of water gustes out per sec. out of the tube) 


= Ахх =Ахф=107®х15 


р (density of water)=1000 kg m-? 
vy=0 and v;—15 ms” 
F—107X15x 1000 (0—15) 
=—2250.N 
Force of impact of water on the wall 
i =2250 N 
Example 25. 4 shell of mass 0°02 kg is fired by a gun of mass 
100 kg. If the muzzle speed of the shell is 80 ms. What is the recoil 
speed of the gun ? 
Solution. m=0'02 kg ; v—80 ms? 
M=100 Kg and V= ? 
We known MV=mv . 


1 


100 V=02 x 80 
_ 02x80 

M 100 
—'016 ms™ 


6. Aballoon is ascending at the uniform rate of 
bove the ground a packet is dropped 
1d with what velocity does it 


Example 2 
14 ms. Ata height of 98 та 
from the balloon. After how much time ar 


reach the ground ? 
A body shares same velocity as the velocity of its 


Solution. 
carrier. ; 
For the vertical downward motion of the packet dropped 
from balloon, vi=—14 ms, a=+g=9'8 ms and 
S=28 m. 
B vj? =v 4-2aS 
y —(—14y--2x 98x98 
—196-4-19208 
v,—/21168 


=46 57! 
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Now by vp—vi-at 
a 462 —144-98 t 
60 T 
= É 125 


So packet reaches the ground with velocity 46 ms~* and 612s 
after dropping it from balloon. 


[Note. The students may calculate the same velocity and time 
considering the motion of packet in two parts: (1) first it goes 
vertically upward till its velocity becomes zero and then, (2) falls 
vertically downward to reach the ground.] 


Example 27. A parachutist bails out from an aeroplane and 
after dropping through a distance of 40 m he opens the parachute and 
deaccelerates at 2 ms ®. If he reaches the ground witha speed of 
2 ms ?, how long was he in air? At what height did he bail out from 
the plane? 

Solution. Before the parachut opens, the parachutist falls 
freely, so for his vertical downward motion (the aéroplane is flying 
horizontally), 


vi—0, a=+g=9'8 ms and S=40 m 


By S—vit4-$ at? 
40—0--3x9 8x? 
go 40х2 400 
|. 98 - 49 
—20. 5. 
t= 7 S=2'86 s 

and by 2 aS—vpt— v? 

2 x98 x 40= vj — 0? 

БЕ v/*—49x 16 


vj—7x4-—28 ms! 


For further motion of the parachutist, 28 ms" becomes initial 
velocity. 


M v;—28 ms 1,0j—2 ms™, a= —2 ms~* 
2. By uf =v; а 
2—28—21 
2.726 =13 s 
=2 
and by 2 as=vrj t" 
—2x2 $—22—28* 


2—10 =195 m 
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The time for which parachutist was in air 
—2:86--13--15:86 s 

and the height at which he bails out—40--195—235 m 

.. Example 28. A batsman deflects a ball by an angle of 45° 
without changing its initial speed which is equal to 54 km|h. What is 
the impulse imparted to the ball? (Mass of the ball is 0'15 kg). 

Solution. The component of initial and final velocity of 

54 km/h may be considered along the bisector of angle 45° between 
initial and final directions. 


v,—9,—54 cos 22 5 km/h 
= (54x 09239) msi 
—]13:86 ms-! 


Impulse imparted =m [v;y—v.] 
—0115 [13:86—(—13:86)] 
—4'16 kg ms~ directed along the bisector 
of the initial and final directions. 

Example 29. Two bodies А and B of masses 5 kg and 10 kg 
are in contact with each other. They rest on the horizontal table, 
against a vertical rigid partition, each in contact with table and body 
B is being in between body ‘A’ and partition. The coefficient of friction 
between the bodies and the table is 0°15. А horizontal force of 200 N 
is applied perpendicularly towards partition at A. What are (a) the 
reaction of partition, (b) the action and reaction forces between A and 
В? (c) What happens when the partition is removed ? Does the answer 
to (b) change, when the bodies are in motion. Ignore difference between 
ps and pp. 

Solution. (a) Frictional force on two bodies, 

J т=н N 
=p (m -mhg 
.=0°15 (5--10) 98 
==22 М in opposite direction of the applied 
force 


Net force on the partition 
; =(200—22)=178 N 
The reaction of the partition=178 N 
(b) Frictional force on body ‘a’, 


f ms= ште 
=0'15x 5x98 
—7 N, in opposite direction of the applied 
force 
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Net force on ody ‘B’ by body ‘A’ 
=(200—7)=193 N 
The action and the reaction force between the bodies A 


and B 
=193 М№. 
(c) The net force on two bodies, 
F=178 N 


So when partition is removed they will together move with an 
acceleration, г 
| Е 
az= 
m 
178 
= (65-10) 
=11°9 ms? 
.. Example 30. A bullet of mass 0 01 kg is fired horizontally 
into a wooden block at rest-on a horizontal surface. The value of ur 
between the block and the surface is 0'25. The bullet gets embedded 
in the block and the combination moves 20m before coming to rest. 
With what speed did the bullet strike the block ? [A.L.S.S.E. 1982] 


Solution. Kinetic energy of the bullet, 


The normal reaction on block, 
N=mg=4x9:8 N 


The frictional force on block, 
—uN 
A 0:25 × 4x 9'8 N—9:8 N 


Force required to move the block, 
F=9:8 N 
.. Work done on block, 
W=FxS 
= 9'8 x20 
р =196 J 
Work on block is done by K.E. of bullet, 


DA = x01 x2*—196 
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„— 1962 
"01 
1442 _ : 
о=— ү =140х1°414 
=197:96 ms? 


Example 31. A box of mass 4 kg rests upon an inclined plane. 
The inclination of the plane to the horizontal is gradually increased. 
It is found that when the slope of the plane is I in 3, the box starts 


2 


sliding down the plane (Given g=98 ms °). 

(a) Find the coefficient of friction between ‘the box and the 
plane. ^ 
(b) What force applied to the box parallel to the plane will just 
make it move up the plane ? 

Solution. (a) When the box is justto slide down on the 
inclined plane, 

p=tan 9 


Given їп 0= 


4T 


(b) IfF is the minimum force required to move the box up 
the plane, then 
F=W sin 0+f 
=W sin F+W sin 0 
—2W sin Û 
—2Xx(4x9:8)—2613 N 
Example 32. When an automobile moving with a speed of 
36 km/h reaches the foot of an upward inclined road of angle 30°, its 
engine is switched off. The coefficient of friction involved is 01, how 


much distance will the automobile move b2fore coming to rest. (Assume, 
g=10 ms? [4.1.5.5.Е. 1980] 


_ , Solution. Net downward force acting on automobile on 
inclined plane, 


F-—mg(sin 6+-p cos 0) 
.. Retardation of automobile, 
و ۳ے‎ (sin 0+ cos 0) 
=10 (sin 3040:1 cos 30) 
1 1 43 
=10( 2 +0°1x 25) 
=10(0°5+'0866) 


a—5866 газ”? 
Now Ү;=36 km/h=36x => =10 m/s, Уу=0 | 
апа =— 5'866 ms~? (since it is retardation) 
So ashy 2as=V—Vi .» 
2(—5'866)s=0—10? 
o 
2x5866 
s=8 5 т 


Example 33. From the top of a multi-storyed building 39:2 m 
high, a boy projects a stone vertically upwards with an initial velocity 
of 9:8 ms^! such that it finaliy drops to the ground. 

(a) When will the stone reach the ground 1 

(b) When will it psss through the point of projection ? 

(c) What will be its velocity just before striking the ground ? 

Solut'on. (a) For vertical downward motion of stone, 

ti——9 5 ms}, $=392 m, a=+g=9'8 ms? 
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By S=ritt+har’, 
392— —98 t+} 9'87? 
or 1?—2t—8—0 
(1—4)((4-2)—0 
ee ` t=4 s or —2 s 
The —ive value is not admissible, 
ground 4 seconds after it is projected. и 
(b) When stone passes back from point of projection in 
vertical downward direction, S=0 (since resultant displacement is 


zero) 


so the stone reach the 


= —9:8 ms™ and a= +g=9'8 m^ 


°. By S=Vit+ 3at?, 
0= —9:814-39'81* 
2—21=0 
t(t—2)—0 
d t=0or2s 
1—0 corresponds to the start of the 
through the point of projection 2 secon 
For vertical downward motion of stone, 
Vi=—98 571, =4 5, a=+g=9'8 ms? 
By Vy=Vitat 
; ——98-49'8x4 
—294 ms 
[Note. The students may try this question in two parts —(1) 


from the point of projection to the top point where its velocity 
becomes zero and then (2) from top point to ground. Answers will 


be the same.] 
Example 34. A body 


or 


motion. So the ‘stone passes 
ds after it is projected. 


of mass 1 kg initially at rest explodes 


and breaks into three fragments of masses in the ratio 1:1:3. The 


two pieces of equal mass fly off perpendicular to each other with a 
speed of 30 ms each. What is the velocity of heavier fragment ? 
[LI.T. Ј.Е.Е. 1982] 


Solution. Let the masses of the fragments be m, m, and My 


Then 
m, i ma: ma=1 +1 23 
and m,+m,+m,=1 kg 
1 irali k 
m= 5 kg, m=; 8 


and m= * kg 
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and V41— V4—30 ms“ (given) and V,— ? 
У, 


mi 


Va 


Fig. 3.6. 
°. By principle of conservation of linear momentum along 


3 
mM,Va=m, V cos 45 --т, У, cos 45 
3 RAE SON le 
5 xV3;= 5 x30x Vat 5 x 30X75 
V3— 14:4 ms“, making an angle of (180—45)=135° with 
each of lighter. fragments. 


Example 35. A car accelerates from rest at constant rate ‘A’ 
for sometime after which it retards at a constant rate *B' to come to 
rest. Jf the total time lapses is ‘T? seconds, evaluate the maximum 
velocity reached and the total distance travelled in terms of A, B 
and T. [4.1.5.5.Е. 1983] 

Solution. Let the car accelerates for time 2, and gain maxi- 
mum velocity ‘V’ during this time and retards to come to rest for 
time ta. Then for the motion of car with acceleration ‘A’. 


By v; —vi- at, 
V=0+Ah, 

EA 

5 h= X 


and then for the motion of car with retardation=—B to come to 
rest, 
By ва 
0—V— Вг; 


30 


У 
а= 
Total time, 
Ttt; 
МАЎ 
ЛИВ 
A+B 
А т=у (Б ) 
ТАВ 
or V= (A+B) 
Distance travelled in time 4, 
By s=vit+}at?, 
504-4 А? 


1 МО: fb NIE 
Y ( A ) 72A 
Similarly distance travelled by the car in time tg’, 
By 2as—vj?—v6, 
2(—B)s;=0— (V)? 
Етте, 
за АВ 
-. Total distance travelled by car, 


\ 
ej pese 


M 
F 
>n 
> > 
E 
w 


\ 


_ TAB 
: © 2(A+B) 
Example 36. On a long horizontally moving belt, a child runs 
to and fro with a speed of 9 km/h (with respect to the belt) between 
his father and mother located 50 m apart on the moving belt. The belt 
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moves with speed of 4 km|h. For an observer on a stationary platform 
out, what is the 

(a) speed of the child running in the direction of motion of the 
elt ; y : 
(b) speed of the child running opposite to the direction of motion 
of the belt ; 


(c) time taken by the child to move from father to mother and 
then back ; 


(d) which of the answers alter if motion is viewed by one of the 
parents. 


MOVING BELT sy 4kmh 


F CHILO M 
773 STATIONARY 
OBSERVER 
Fig. 3.7. 


Solution. : 
(a) V=V,4+V.=9+4=13 km/h 
(b) V—V4,—V4,79—4-5 km/h 


(с) Speed of child, 
V,=9 km/h=9 x 5-=25 ms? 
s=50 m 
E t= z — 22-29 S in either нан 


(d) If viewed by any one of the parents, the speed of the 
child is 9 km/h in either direction. The answer to part (c) remains 
unaltered. М 


Example 37. 4A police van moving on a highway with a speed 
of 30 Km/h fires a bullet at a thief’s car speeding away in the same 
direction with a speed of 192 km|h. If the muzzle speed of the bullet 
is 150 ms, with what speed does the bullet hit the thief’s car ? 


Solution. Relative velocity of thief's car w.r.t. 
police van=(192—30) 
(Since car and van are moving in same direction) 


=162 km/h=162x 7 =45 ng 
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Now the relative velocity of bullet w.r.t. car, with which it hits 
the car =(150—45) 105 ms™. 
(Again the bullet and car are moving in the same direction) 
Example 38. Figure 3'8 below gives the x-t plot ofa particle 
executing one dimensional simple harmonic motion. Give the signs of 
position, velocity and acceleration variables of the particles at 
) : t——125,035, 25. 


POSITION (x) 


TIME (in sec ) 


Fig. 3.8. 

Solution. The simple harmonic motion has the characteris- 
tics that its acceleration is proportional to the displacement but in 
opposite direction. 

(i) At t=—1'2S, itis evident from graph that x is also 
negative, 

А x 

09 «6, v0 ( since v= 7- and x and ¢ both are negative) 


and a > 0 (since x and a are in opposite direction). 
(ii) At 1=0°3 s, x=—ive from the graph. 
°". x«0,v < 0 (since x is —ive and t is positive) and a > 0. 
(ii) At t=1'2 s, x—-rive from the graph. А 
x > 0, u> 0 (since x and ¢ both are positive) and a < 0. 
Example 39. Two stones are thrown up simultaneously from 
the edge of a cliff 200 m high with initial speeds of 15 ms? and 30 . 
ms. Verify that the following graph correctly represent the time 
variation of the. relative positions of the second stone with respect to 


first. Neglect air resistance and assume that the stones do not rebound 
after hitting the ground. Take g=10 ms *. -Give the equation for the 


linear and curyed parts of the plot. 
Solution. a=—g=—10 ms? 
By $29 t+} af, 
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60 


HEIGHT (X, x,)inm 
> 
o 


TIME IN si 
Fig. 3.9. 
For the first stone, x, —15:7—3 x 1072 
For the second stone x;—301— 3 x 102? 


(x5—x)—15t (linear part) 


When first stone reaches the bottom of the cliff, 
s=200 m, a=+g=10 ms? 
E 9(— —15 ms! 
By . з= t+} at? ; 
200=—15 t--3 X 10 72 
12—31—40=0 
(2—8) (--5)=0 
; t=8 s (or —5 s which is not admissible) 
For second stone, . 
260= —30 t+} 10 22 
t?—61—40=0 
(t—10) (@¢+4)=0 
=10 s (or —4 s, not admissible) 
It means (ха —х;) will increase linearly only up to 8 seconds 


when first stone reaches to the ground. Then (xa— xı) will decrease 
till 10 seconds and will become zero when the second stone also 


reaches to ground. 
7. For the relative positions of two stones between 8 and 10 S, 
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By s—w t+} al? 
for second stone as first stone has already reached the ground. 
(25—2,) —200=30 14-3 (—10) 1 


(x4—2,)—2004-30:—5:? | (Curved part) 


Example 40. The speed-time graph of a particle moving along 
a fixed direction is shown below. Obtain the distance traversed by the 
particle between (a) 1—0 to 10 s (b) t—2 to 6 s. 


5 
N 


Е 
a 
ul 
ш 
а. 
[2] 
0 `5 10 
TIME (s) -> 
Fig. 3.10. 


Solution. From Fig. 3710 it is evident that the particle accele- 
rates with a= — 


2 ms? for first 5 seconds and then decelerates 


with a— х12 ms"? for next (10—5)=5 seconds. 
(a) ©. For first {=5 s, 
By swt4-l af 
12 
sı=0+}X = 5 


51=30 m 
and for next t=5 seconds, 


12 
$4212x 5+} (-£) 5 
30=و5‎ m. 
Total distance traversed — 5; 152 


=30+30 
—60m, ` 
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(b) For first t=2s, 


s S48 m 
For (6—5)—1 s in second half journey 
sq=12X1+4 (-3)r 
54=10`8 m 


| .'. Total distance traversed from (—2 s to t=6 s 
=(s,—Ss) + S4 
==(30—4'8)+10°8 
=36m 
| Example 41. Figure 3:11 below shows the position-time graph 
of a particle of mass 4 kg. What is the (a) force on the particle for 
t<0,t>4s,0<t<4s? (b) Impulse at t=0 and 1=45? 
' (Consider one dimensional motion only). 


0 4 
TIME (s) 


Fig. 3.11. 


Solution. (a) Since the particle is moving only for 4 s and 
that with constant velocity=} ms". So acceleration of particle is 
0, hence force on particle in also 0 in each case. [Е= та] 

(b) m=4 kg and at t=0, V,—0, V,—2 ms 

br Impulse=m (Vs— Vi) 

=4x} 
—3 kg ms? 
and at 1—4 s, Vi-1 ms !, V;=0 
2 Impulse m (V;— Vi) 


-4( 0-4) 


= —3 kg ms}. 
| Example 42. Figure 312 belew shows a man standing sta- 
tiorary with respect to a horizontal conveyor helt that is accelerating 
| with I ms. What is the net force on the man? If the coefficient of 
| 
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static friction between the man’s shoes and the belt is 02, upto what 
acceleration of the belt can the man continue to be stationary relative 
to the belt. (Mass of the man=65 kg). 7 


Fig. 3.12. 
Solution. m=65 kg, a—1 ms“? 
Net force oa the man, 
F=ma 
—65x1 
à =65 N 
Maximum acceleration of the belt for the man to be stationary, 
а=р g : 
—02x98 
—]1:96 ms“. 


Example 43. 4A block of mass 25 kg is raised by a 50 kg man 
in two different ways as shown in the figure below. What is the action 
on the floor by the man in two cases. If the floor yields to a normal 


57 


force of 700 N, which mode should the man adopt to lift the block 
without the floor yielding ? 


Solution. For Fig. 3:13 (left) the weight of the man and the 
blocks both are acting on floor vertically downward, 
*. The action on the floor by the man—mg-tm'g. 
=(504-25) 9'8 
=735 N 


. For the Fig. 313 (right) the weight of the man is acting 
vertically downward on the floor while weight of the block is acting 
vertically upward on the floor (through the string hold by the man). 


The action on floor by the man 
=mg—m'g 
=(50—25) 9:8 
=245 N` 


Since the floor can yield only upto a normal force of 700 N, 
so the man should adopt mode in Fig. 3:13 (right) to raise the weight 
in which case action on the floor is 245 N (less than 700 N). 


Example 44, A monkey of mass 40 kg climbs on a rope 
freely suspended from a rigid support which can stand a maximum 
tension of 600 N. In which of the following cases will the rope break 
if the monkey : 

(a) climbs up with an acceleration of 6 ms~*. 

(b) climbs down with an acceleration of 4 ms ®. 

(c) climbs up with a uniform speed of 5 ms. 


(d) falls down the rope nearly freely under gravity ? (Take 
£7 10 ms ? and ignore the mass of the rope). Ў 


Solution. (а) Tension on the rope 
=mg+ma 
—40(104-6)—640 N 
(b) Tension on the rope 1 
=mg— ma 
=40(10—4) 
=240 N 
(с) Tension on the торе 
=mg Ce a=0) 
—40x10 
=400N © 
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(d) Tension on the rope 
—(mg-—ma) 
=m(g—g) (°. for freely fall a=g) 
=0. 
К It isin the first case (а) that the tension on the rope (640 N) 
is more than the maximum tension the rope can wear (600 N), so 
the rope will break. E 


Example 45. The rear side of a truck is open апаа box of 
40 kg mass is placed 5 in away from the open rear end of the truck. 
The coefficient of friction berween the box and the surface below it is 
0:15. Ona straight road, the truck starts from rest and accelerate 
with 2 ms^?.. At what distance from the starting point does the box 
fall off the truck ? (Ignore the size of the block). 


Solution, The net force on the box moving in the truck, 
F'—(F—7) 
where F=ma and f (frictional force) uN —umg 
Ss F’=ma—pmg 
F'em(a—pg) : 
..- The net acceleration of the Бох (in the direction of the 
motion of'the truck), 


BE 
а'=-—— 
т 
=(а—р8) 
—(2—15x9'8) 
=0'53 ms * 


For the motion of box in the direction opposite to that 


of truck, 
v —0, a’=0°53 ms ? and s=5 m 


By s=ort+h ats 
s=0+4 (0°53) 2 (^ Here a=a') 
„5X2 
0:53 
ы t=4°347 5 


So box will fall 434 s after the start of the truck. During 
this time the truck will move the distance given by 
s=vit +4 at? 
=0+4x 2x (4347) 
=18'896 m. 
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Example 46. A weight of 1000 N is supported by two chains 
+ as shown in the Fig. 3°14 (a). Determine the tension in each chain. 


B 


кулл CP 


Fig. 3.14 (a) 


Solution. Let T; and T, be the tensions in the two chains 
Applying Lami’s theorem at point-C [Fig. 3:14 (5)]. 


| Тот RETE: 
sin 150 — sin 120 

. 1000 

~ sin 90 


T,=1000 sin 150 
C- sin 90—1) 


=1000х 5 
= 500 N 
апа Т= 1000 sin 120 


=1000 x 866 
—866 N. 


Fig. 3.14 (b) 


Example 47. A cord connects two bodies of weights 400 N 
and 800 N which are placed on. an inclined. plane, cord being parallel 
to inclined plane. The coefficient of friction between the inclined 
plane and the two weights are 015 and 04 respectively. Determine 
the inclination of the plane to the horizontal and the tension in the 
cord when the motion is about to take place down the inclined plane. 
The body weighing 400 N is below the body weighing 800 N. 
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Solution. Different forces acting on the two bodies are 
shown in Fig. 3°15. Forces acting on the first body : 


Resolving forces along the inclined plane, 


Fig. 3.15. 


400 sin a—(T4-f1) 
=(T+4,Ny) 
400 sin a—(T--0:15 N) 
` Resolving forces normal to the plane, 
Ni =400 cos « 
400 sin а=(Т--0`15 х 400 cos а) 
=(T+60 cos «) 
a ; Т=400 sin а—60 cos a (1) 
Forces acting on the second body : 
Resolving forces along the plane, 
800 sin a+T=f2= игә 
| =040 №, 
Resolving forces normal to the plane 
N= 800 cos a 
Taps N4,—800 Sin a 
=0'40 X 800 cos «—800 sin a 
T= (320 cos a—800 sin а) (2) 
' .*, From eqns. (1) and (2), 
400 sin a—60 cos a—320 cos a—800 sin a 
1200 sin a=380 cos а 
380 


12007 =0°3166 


tan a= 
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| a=17° 34’ | 
Putting a=17° 24’ іп eqn. (1) 
T=400 sin 17? 34’—60 cos 17° 34’ 
—400 x 0°3017—60 x 09534 


T—63:48N | 


Example 48. 4 motor-cyclist wants to jump over a ditch as 
shown in Fig. 3°16. Find the necessary minimum velocity *v' at A of 
the motor cycle. Also find the inclination and thé magnitude of the 
velocity of the motor cycle just after clearing the ditch. 

Solution. If the time taken by the motor-cycle to move from 
A to B is ‘f’, then horizontal displacement, 


4=0х1 
4 
ЖЕ n (1) 


Fig. 3.16. 


For the motion of the motor-cycle in vertical direction, 
vi;—0, a=+g=98 ms ?, s=1 m 

2. By s=vit+4 at? 
1=0+4 98 7? 1 


2 z 
= 25 0455 


4. From eqn. (1) | 
4 
0°45 


—888 ms? 


v= 


62 

v—888 ms! 

By vy—v,--at 
—04-9:8x045 
—441 15-1 


Since the velocity v and v, at B are at right angle to each other, 
the resultant velocity of motor-cycle at B, 


R= Veep) 
узара) 
. =4/ (194-1945) 


| R—9:92 ms? 


If the angle made by the resultant velocity at B witb the hori- 
zontal direction is 0, then 


tan (== 
v 
441 " 
= R88 0:4966 
| 0=26° 24’ 


Example 49. A drunkard walking in а narrow lane takes 5 
steps forward and 3 steps backward, followed again by 5 steps forward 
and 3 steps backward and so on. Each step is 1 m long and requires 
ls. Plot the x-t graph of this motion. Determine graphically or 
otherwise how long the drunkard takes to fall in pit 13 m away from 
the start. ] 

Solution. x—1 graph of motion in question is shown in 
Fig. 3.17. 


It is evident from graph that it will take 37 sto move 13 т 
away from the start and then to fall in pit. 

The drunkard moves in each 5 s, 5 т forward and then in next 
35, З т backward. So he moves in each (54-3)—8 s a distance 
(5—3)=2 m. 

`. 8 metres distance is travelled in 8X 2=32 s. 

Next 5 m he travels in next 5 s. 


x (in meters) -> 
о 


S, 16 24 32 37 40 
t (in sec) —> 
Fig. 3.17. 
So the distance 13 m from start he travels in (32--5)—37 5 
and then he falls in pit. 


Example 50. A ball is dropped from a height of 9 mona 
floor. At each collision with the floor, the ball loses one-tenth of its 
speed. Plot the speed-time graph of its motion between t=0 to 
12312 s. 


Solution. (i) By s=vt+4 212 
—044x98 2 
2x90 30 ,. 
2X9) _=" —4 
9: 7 3s 
and by s,—vi-Fgt 
ву=0-+9`8 t 


t= 


, 30 
So v, c tupto 75 
(Rank rst at 4: 
and vy—98X -7 —42 ms at 43s 
* From t=0 to 1=4:3 s, У—/ graph is a straight line. 
(ii) On collision with ground, it loses its velocity by 


JI ERE 
10 <4 42 ms 
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378 ms^ 


SPEED (in ms ') 
з 8 855 


= 
o 


0 31 2 3 4435 6 7 8829 10 11 12 
TIME ( in sec) 
Fig. 3.18. 
i.e., it rebounds with speed 
—42—42—3T78 ms™> 
Then uj —37:8—9'8 г for further upward motion. 


Its velocity becomes 0 at 
Si SES АТ 
(к +4 3)=82 s 
+, From t=43 sto 8°2 з its graph is a curve. 
(iii) For further motion from 1—872 s to 12 s, 
07—81 

E y, oc tie., 0—1 graph is.a straight line. 

Example 51. A man walks on a straight road from his home 
to a market 2:5 km away with a speed of 5 km/h. Finding the market 
closed, he instantly turns and walks back home with a speed of 


7:5 km/h. What is the magnitude of average velocity and the average 
speed of the man over the interval of time : (a) 0 to 30 min, (b) 0—40 


min, (c) 0—50 min. 
Solution. 


25 MUT S 
(a) T$ h- 5 h=30 min 


pos 
= J” 


For 1=0 to 30 min, he is moving with the same speed and 


same velocity of 5 km/h. 


(b) 1=40—30=10 min 


S-Uxt-T5xX E =125 km 


For t=0 to 40 min. 


\ 


65 


l ay — 25-125) km. 
Average velocity = 40/60 В 
=1°875 km/h 
A _ (254-125) km 
verage speed = ———40/60 h 
=5°625 km/h 
(с) 1—50—30—20 min 
s=UXt 
=75x 20 —2- 
TSX 60 ^25 km 
For :=0 to 50 min. 


Average velocity = Qi m. 


(2:54-2:5) km 
Average speed — SUR 


—6 km/h. 


Example 52. А block of ice starts sliding down from the top 
of the inclined roof of a house (angle of inclination of roof with the 
horizontal —30*). The height and the lowest points of the roof are at 
heights 8:1 m and 5'6 m respectively from the ground. At what hori- 
zontal distance from the starting point will the block hit the ground. 
(Neglect friction). (IT 1972) 

Solution. Let AB be the roof. The block of ice moves along 
AB and finally hit the ground at C. 

AQ-—(81—5:6)—2:5 m 


ш ВАО LA 
sin 308 => AB= i =5m 


=0 


B 


BQ= y 57517 —433 
PR=4°33 m. 


For the velocity of block at В, 
a=g sin 0, 
Vi=0, s=5 m 
by Vj = V8 2 as 
=0+2 g sin 0х5 
Vj=V 2x98 xsin 30X5 - 
=] ms 1. 


811m 


Fig. 3,19 
From B, the block undergoes a projectile motion with horizon- 
tal component 7 cos 30 and vertical component 7 sin 30. 
- For the motion of block ir vertical downward direction, 


by s—wut-- а 
5:6—7 sin 30 t+} X9:8 2? 
7134-5 t—8=0 
On solving.it, we get, 
_ 54 
Lar Ta s 


Horizontal range, 
54 
=== г. R=U xt] 


RC=7 cos 30x 7 


=4%67 т 
*. The total horizontal range, 
R=PR+RC=467-+4 33 
=9 m. 


10 
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EXERCISE 3 


An automobile moving due north at the rate of 63 km/h is 
brought to rest in 10 seconds by application of brakes. Find 
the value of acceleration, assuming it to be constant. What is 
the distance moved by thc automobile before it comes to rest ? 


A ball of mass 0:1 kg moving horizontally with a speed of 20 
ms"! is stuck by a bat. After leaving the bat, the speed of the 
ball is 30 ms7 in a direction opposite to the direction of 
motion. Calculate the impulse of the collision. 


A batsman deflects a ball by an angle of 60? without changing 
its initial speed which is 25 ms7™ What is the impulse impart- 
ed to the ball ? (Mass of the ball—0'12 kg). 


A bullet of mass 0:03 kg moving with a speed of 400 ms"! 
penetrates 12 cm into a fixed block of wood. Calculate the 
average force exerted by the wood on the bullet. 


A boy whose mass is 50 kg stands on a spring weighing 
machine inside a lift. The lift starts to ascend with an acce- 
leration of 2:45 ms 3. 


(a) What is the reading of the machine ? (b) Find its reading 
when lift moves. 


(i) . With uniform velocity (ii) With a retardation of 4:9 ms? 


А neutron having mass of 1`67 х 107°? kg and moving at 10% 
ms™ collides with deutron at rest and sticks to it. Given that 
mass of deutron is 3:34X 1072? kg. Calculate the speed of the 
combination. [D.B.S.S.E. 1978, А.1.5.5.Е. 1981] 


A ball is dropped from a height of 16 m. If it loses 40% of 
its kinetic energy on striking the ground, what is the height to 
which it bounces ? How do you account for the loss in K.E. ? 
While launching a rocket of mass 2 X 10* kg, a force of 6x 105 
Nis applied for 305. What is the velocity attained by the 
rocket at the end of (а) 10 s (b) 30 s (c) 505? 
A truck of mass 3000 kg is moving at i0m/s and is acted by a 
forward. force of 1000 N due to engine and a retarding force 
of 400 N due to friction. (a) What is the rate at which it is 
gaining the speed ? (6) How far will.it travel in 10 s ? 
[D.B.S.S.E. 1985] 
f mass 1000 kg is moving with a velocity of 10 m/s and 
Ded bya forward force of 1000 N due to engine and 
retarding force of 500 N due to friction. What will be its 
velocity after 5 seconds ? [4.1.5.5.Е. 1988] 
d'packetis released from a helicopter which is risin 
A ly at? ms. After 2 s (a) what is the velocity of ihe 
packet, (6) how far is it below the helicopter ? 
[D B.S.S.E. 1984, 1986] 
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А car of mass 1000 kg is moving at a velocity of 10 ms™ and 
is, acted by a forward force of 1000 N due to engine and a 
retarding force of 500 N due to friction. What will be its 
velocity after 10 seconds ? [4.1.S.S.C. 1981] 
While launching a rocket of mass 2 х 10* kg, a force of 5x 105 
N is applied for 20 s. What is the velocity attained by the 
rocket at the end of 20 5? [D.B.S.S.E. 1984; A.I.S.S.E. 1978] 


A person has to cross a river by a boat exactly on the other 
side of the river. In which direction should the person row 
the boat so as to finally arrive at the just opposite point ? 
Assume he can row at 6 km/h in still water. The velocity of 
river is. 3 km/h. 

A. body is dropped from rest at a height of 80 m and simul- 
taneously another body is dropped from rest from a point 
45m above the ground. What is their difference in height 
after they have fallen for (a) Is, (b) 2s, (c) 3s. How does 
this difference in height vary with b time ? 

An elevator's weight is 4000 kg. When the upward tension in 
supporting cables is 48000 N, what is the upward acce- 
leration ? Starting from rest how far does it rise in 2 seconds. 
A ship is sailing westwards at 8 m/s. While trying to fix a 
boltatthe top of the mast, a sailor drops the bolt. Ifthe 
mast of the ship is 19'6 m high, where will the bolt hit the 
deck (a) if ship continues to move (b) if ship ceases to move 
as soon as bolt drops. — - а 

A shell is fired horizontally from a gun situated at a height of 
441 т above a horizontal plane with a muzzle velocity of 
300 ms™ to hit a target on the horizontal plane. 

(a) How long does the shell take to hit a target ? 

(b) Where is the target situated ? 

(c) With what velocity does the shell strike the ground ? 

A bomb is dropped from an aeroplane when it is directly 
above a target at a height of 1500 m. The aeroplane is going 
horizontally with a speed of 500 km/h. By how much distance 
will the bomb miss the target ? ` 

From the top of а building 19'6 m high, a ball is projected 
horizontally. After how long does it strike the ground ? If 
the line joining the point of projection fo the point where it 
hits the ground makes an angle of 45° with the horizontal, 
what is the initial velocity of.the ball ? 

A bomb is dropped from an aeroplane when it is directly 
above a target at a height of 4000 m. The aeroplane is flying 
horizontally with a speed of 600 km/h. 

(a) When will the bomb reach the ground ? 

(6) Will the bomb hit the target ? [A.I.S.S.E. 1986] 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 
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A bomb is dropped from an aircraft when it is directly above 
a target at a height of 1000 m. The aircraft is moving with a 
velocity of 500 km/h. Will the bomb hit the target? 1 not 
by how much distance will be bomb miss the target? | 
[D.B.S.S.E. 1983] 


Eight 50 paisa coins are put on top of each other on a table, 
each coin having the mass 1 mg. Give the magnitude and 
lirection of 


(a) the force on the 6th coin (counted from the bottom) due 
to all the coins on its top. 


(b) the force. on the 6th coin by the 7th coin. 
(c) the reaction of the 5th coin on the 6th coin. 


A ship of mass 3x 107 kg initially at rest is pulled by a force 
of 5X 10* N through a distance of 3 m. АКЕП that the 
resistance due to water is negligible, calculate the speed of the 
ship. ULT. Ј.Е.Е: 1980] 


A stone is dropped from a rising balloon at a height of 91:8 m 
above the ground and it reaches the ground in 6 5, What was 
the velocity of the balloon just at the moment when the stone 
was dropped ? 


A boy throws a ball to a height of 24 m, how long does it take 
to catch the ball back by the boy in his hands. 


A stone is dropped from a rising balloon at a height of 300 m 
above the ground and it reaches the ground in 10 seconds. 
What was the velocity of the balloon at the moment the stone 
was dropped ? 


From the top of a tower 109 m high a stone їз thrown verti- 
cally upward with a velocity of 39:2 ms-*. Calculate 


(a) greatest elevation, 

(Б) the velocity with which it strikes the ground, 

(c) the time it takes to reach the ground. 

From the top of a tower 135 m high a stone is projected up- 
ward with a velocity of 30 ms. Calculate the (a) greatest 
elevation (b) the velocity with which it strikes the ground 
(с) the total time it takes to reach the ground (g—10 ms-2). 


A stone is dropped from a rising ballon at a height of 
477:4 m. If the balloon is rising at the speed of 19:6 ms~, 
when and with what velocity does it hit the ground ? 


A ball of 0:1 kg makes an elastic collision with а ball of un- 
known mass that is initially atrest. If the 071 kg ball rebound 
to one-third of its original speed, what is the mass of the other 
ball ? [D.B.S S.E. 1981] 
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39. 
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41. 


A body of mass 1:00 kg makes an elastic collision with another 
Вову at eit and кошш» to move in the original direction 
with a speed equal to one-fourth of its original i 

the mass of the second body. каМ Find. 
A box of mass 4 kg is placed on a wooden plank of length 
1'5 m which is lying on the ground. The plank is lifted ori 
one end along its length so that it becomes inclined. It is 
noted that when plank from the ground becomes 0:5 m high 
the box begins to slide. Find the coefficient of friction between 
the box and the plank. [4-LS.S.E. 1981] 


A jet aeroplane travelling at the speed of 600 km/h ejects its 
products of combustion at the speed of 1400 km/h relative to 
the jet plane. What is.the speed of the products to a statio- 
nary observer on the ground ? 


A player throws a ball upwards with an initial speed of 58:8 
ms‘. To what height does the ball rise and after how long 
does the ball return to the player's hands ? (g—9:8 ms? and 
neglect air resistance). 

A boy standing on a stationary lift (open from above) throws 
a ball upwards with the initial maximum speed he can equal 
to 50 ms™™. How much time does the ball take to return to 
his hands? If the lift Starts moving up with a uniform speed 
of 10 ms and the boy again throws the ball up with the 
maximum speed he can, how long does the ball take to return 
to his hands. (Take g—10 101572). 

A woman walks on a straight road from her home to a market 
l'5 km away with a speed of 6 km/h. Finding the market 
closed, she instantly turns and walks back home with a. speed 
of 3 km/h. What is the magnitude of average velocity and 
the average speed of the woman over the interval of time ? 


` (a) 0—15 min (5) 0—30 min (с) 0—45 min. 


A bullet fired at an angle of 15° with the horizontal hits the 
ground 6 km away. By adjusting its angle of projection, can 
one hope to hit the target 12 km away. Assume the muzzle 
Speed to be fixed and neglect air resistance. 

A borizontal force of 700 N pulls two masses of 2 kg and 5 kg 
(lying on a frictionless table) connected by a light string. 


+ What is the tension in the string? Does the answer depend, 


on which mass the pull is applied ? 
Two masses of 5 kg and 9 kg are connected at the two ends 


of a light inextensible string that goes over a frictionless 
pulley. Find the acceleration of masses and tension in the 


String when the masses are released. 


ame billiard balls each of mass 0:04 kg moving in opposite 
rections with speed 5 ms collides and rebound with the 


Т1 


same speed. What is the impulse imparted to each ball due 
to the other ? 


A weight of 800 N is supported by two chains as shown in the 


42. 
figure below. Determine the tension in each chain. 


(2А; 


Fig. 3.20. 


43. A mass of 50 kg is supported by two ropes as shown in the 
figure below. Determine the tension in each горе (g—10 ms ). 


Fig 3.21. 
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46. 


47. 


48. 


A motor-cyclist wants to jumps over a ditch in Fig. 3316 on 
page 61 if (a) CD—4 m & EB—2 m (b) CD—5 m and EB 
—2m. 


Find in each case the necessary minimum velocity of the 
motor cycle at A and also the direction and magnitude of velo- 
city of motor cycle at B just after clearing the ditch. 


A cord connects two bodies of mass 50 kg and 100 kg. The 
two bodies are placed on inclined plane and cord is parallel to 
inclined plane. The value of us for two bodies is 02 and 04 
respectively. Find the inclination of the plane with horizon- 
tal and tension in the cord when the motion is about to take 
place down the inclined plane. The body of mass 50 kg is 
below the other body. (Take g—10 ms ?). 


Two blocks shown in Fig. 3:22 below have masses A—20 kg 
and B=10 kg and coefficient of friction between the block A 
and horizontal plane is 0°25. If the system is released and 
the block B falls through a vertical distance of 2 m, what is 
the velocity attained by the block B? (neglect the friction in 
the pulley and assume the string to be inextensible). 


N 
N 
A 


o 


ко. 


Fig. 3.22 
1f in problem 46, A—40 kg and B—20 kg, find the accelera- 
tion of the system and tension in the string. 


Two masses of lg and 4g are moving with equal kinetic 


energies. Calculate the ratio of the magnitude of their 
momenta. [LLT. J.E.E. 1980} 


49. 


51. 
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Two bodies of mass 6 kg and 4 kg connected to the two ends 
of the light inextensible string. The string is passing over a 
smooth pulley. Determine— 

(2) the acceleration of the system 

(b) the tension in the string. (Take g—10 ms!) 
Look at the graphs (a) to (d) in the Fig. 3.23 carefully and 
state with reasons, which of the following cannot possibly 
represent one dimensional motion of a particle. 


КА 


A 1 i 
“(a (b) 
SPEED TOTAL PATH (LENGTH ) 
rur t 
d dcus t 
(д (d) 
Fig. 3.23. 


Figure 3.24 shows the x—t plot of one-dimensional motion of 
a particle. Is it correct to say from the graph that the particle 
moves іп à straight line for <0 and on a parabolic ‘path for 
120? If not, suggest a suitable context for this graph. 


x 


Fig. 3.24. 
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Figure 3.25 gives x—t plot of a particle in one-dimensional 
motion. Three equal interval of times are shown. In which 
interval is the average speed greatest and in which it is least 2 


Fig. 3.25. 


A man starts from his home at 9.30 a.m., walks witha speed 
of 6 km/h on astraight road upto his office 3:0 km away, 
stays at the office upto 5.00 p.m. and returns home byan 
autorickshaw with a speed of 36 km/h. Choose suitable scales 
and]plot the х—/ graph of his motion. 


An aeroplane wants to reach a point 120 km due south. ]f 
wind velocity is 100 km/h due east, in what direction must the 
aeroplane fly if the velocity of aeroplane is 260 km/h. Find 
also the time that aeroplane takes to reach the point. 


А\ шап is walking due east at the rate of 4 km/h. The rain 
appears to him to come vertically at the rate of 443 km/h. 
Find the actual velocity and direction of rain fall. 


A boatman can row with a speed of 8 km/h in still water. If 
the river flows steadily at 6 km/h, in which direction should 


. the boatman row in order to reach a point on the other bank 


directly opposite to the point where he started. (the width of 
the river is 5 km). 


If an olympic athlete throws the shot 18:31 m in Helsinki 
where g—9:81 ms. How much it can throw it on the moon 
where g is + that in Helsinki ? 

What is the maximum height that pole vaulter can clear if he 
can run at speed of 10 ms™ carrying a pole ? 


A body of mass 6 kg just slides down the inclined plane. If 
the plane rise 1 in 2, what is the coefficient of friction ? 
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Find the distance travelled by a body before coming to rest 
moving on a horizontal plane with velocity of 60 km/h and 


the coefficient of friction between the body and the ground 
is 072. 


The displacement ‘x’ of a particle of mass 1 g moving in one- 
dimensional plane is under the action of a constant force is 
related to the time ‘t’ by the equation 


t= Vx+3, (where x is in metres and t is in sec.) 


Find (a) The displacement of the particle when its velocity is 0. 
(b) Work done by the force in 6 s. [LIT. J.E.E. 1970] 


А 2 hundred metres sprinter increases her speed from rest 
uniformly at the rate of 4/3 таз”? up to three quarters of the 
total run and covers the last quarter with uniform speed. How 


much time does she take to cover the fi d 
half of the run ? күра С" 


Two balls are thrown simultaneously. 

with a speed of 15 ms-! from the.gr 
downwards from a height of 30m 
along the same line of motion. After 
what point do the two balls meet ? 


“А? vertically upwards 
ound and ‘B’ vertically 
with the same speed and 
how much time and at 

(Take g=10 ms) 
A small sphere is suspended by a string from the сей 
car. Ifthe car begins to move with a constant НЕМ 
of 0:49 ms ?, what will be the inclination of the String to the 
vertical ? 


A hiker stands on the edge of a cliff 490 m above the ground 
and throwsa stone horizontaly with an initial speed of 
18 ms-. Neglecting air resistance, find the time taken by the 
stone to reach the ground and speed with which it hits the 
ground. 


An astronaut accidently get thrown out;of his small space ship 
accelerating in intersteller space at a constant rate of 120 115—2, 
What is the acceleration of the astronautthe instant after he 
is outside the space ship ? 


Two identical billiard balls strike a rigid wall with the same 
speed one normally and the other an angle of 40° with the 
normal to the wall and get reflected without any loss of speed 
what is 


(a) the direction of the force on the wall due to each ball, and 


(b) the ratio of the magnitudes of impulses imparted to кы 
two balls by the wall ? 


76 
68. 


69. 


70. 


71. 


72. 


73. 


А rocket of initial mass 5000 kg ejects gases at a constant rate 
of 15 kgs? with constant relative speed. of 8 kms^!. What is 
the acceleration of the rocket 2 minute after the blast ? 


A wooden block of mass 5 kg rests on a soft horizontal floor. · 
When an iron cylinder of mass of 20 kg is placed on the top 
of the block, the floor yields steadily-and the block and the 
cylinder together go down with an acceleration of 0:2 0572. 
What is the action of the block оп the floor before and after 
the floor yields ? (Take g=10 11572). 


A body falling freely under gravity passes two points 30m 
apartin ls. Find from what point above the upper point it 
begins to fall ? (g—10 ms?) [4.1.1.M.S., 1979] 


Obtain an equation for the path of a charged particle of mass 

‘mand having. charge q when itis thrown vertically with a 

velocity Vo in a uniform electric field E. Neglect gravity. 
[Roorkee Engg., 1982] 


Particles P and Q of mass 20 gm and 40 gm respectively are 
simultaneously projected from points A and B on the ground. 
The initial velocities of Pand Q make 45° and 135? angles 
respectively with the horizontal AB as shown in the Fig. 3.26. 
Each particle has an initial speed of 49 ms™. The separation 
АВ is 245 m. Both particles travel in the same vertical plane 
and undergo a collision. After the collision, P retraces its 
path. Determine the position of Q when it hits the ground: 
How much time after collision does the particle Q take to 
reach the ground? (Take g—9'8 ms?) 


Py. ! Q 

A B 

ae 24-5 m —>| 
Fig. 3.26. 


Figure 3.27 is the graph of displacement as a function of time: 
of two particles of mass m,=3 kg and ть=1 kg, which are 
exerting force on each other. What are the initial energies 
of m, and т:? What is the maximum potential energy ? 
Assume that the interaction at :=0 is negligible. 

[Roorkee Ent. Exam., 1981] 
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© 


DISPLACEMENT (m 
ю 


- 


ов t6 24 32 
TIME (S) 


Fig. 3.27. 


3 35 m high and a shot-is 
fired at a distance 70 m from the foot of the tree in dub a 
direction it just hits the bird. Find the mapnitud d 
direction in which the shot is fired. sere apa 
OBJECTIVE TYPE QUESTIONS 
An iron ball апа а wooden ball of the same i 
from same height ‘h’ in vacuum, the time gee А by. SN sed, 
them to reach the ground is y 9 
(2) roughly equal (b) zero 
(c) exactly equal (d) unequal 
z [Delhi P.M.T. 1982] 

Stone is dropped from a bridge reaches the bottom in 4 
seconds. The height of the bridge is 
(а) 784 m (b) 64 ft. 
(c) 2000 cm (dj. 260 m. 

[Delhi P.M.T. 1982] 
Select the correct answer of the following which is not the 
scaler quantity 
(а) Time (6) Momentum 
(c) Volume (d) Density. 

(Delhi P.M.T. 1983] 
Select the correct answer: — 
A rocket works on the principle of conservation of 
(a) Linear momentum (b) Mass è 
(c) Energy (d), Angular momentum, 
[Delhi P.M.T. 1983] 
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А hunter aims at a monkey оп a tree. Justat the instant һе. 
fires his pistol, the monkey drops. The bullet 


(a) will pass above the monkey. 

(b) will hit the monkey. 

(c) will pass below the monkey. 

(d) none of the above is correct. 

For a freely falling body which expression isa constant of 
motion 

(а) mgh-+mv? (b) gh+4v2 

(c) mgh—imv? (4): mgh—mv* 

A body is thrown vertically upwards with,a speed of 1000 m/s. 
In the return journey, the speed at the starting point will be 

(a) 1000 m/s (b) 50 m/s 


(c) 100 m/s (d) 980 m/s 
[Delhi P.M.T. 1985] 


Which of the following quantity is equivalent to work ? 
(a) Power (b) Energy 
(c) Force (d) Pressure [A.F.M.C. 1985] 
If the tension in the cable of 1000 kg elevatoris 1000 kg 
weight, the elevator 
(a) is accelerating upwards. 
(b) is accelerating downwards. 
(c) may be at rest or accelerating. 
(d) may be at rest or in uniform motion. [4.F.M.C. 1984] 
When K.E. is increased by 30095, the momentum of the body 
increases by 
(a) 20% (b) 50% 
(c) 100% (d) 200% — [A.F.M.C. 1984] 
The length of a second's pendulum on earth where g is 980 
cms-? is 100 cm. The length of Second's pendulum on a 
planet where g—490 cms ^ 18. 
(a) 100 cm (b) 200cm 
(c) 50cm (d) 25cm. — [D.S.S.E. 1988] 

is dri the earth along the diameter and a 
Mae ie pue i When the stone is at the centre of 
the earth, it has zero,......--- Р ; 
(a) Acceleration (6) dan ШЕ 

1 

та S [D.5.5.E. 1985] 
Newton per metre? is the unit of 
(a) Energy (b) Force 
(c) Momentum (d) Pressure [C.M. P.T. 1988] 


88. 


89; 


90. 


91. 


92. 


93. 


94. 


95. 


96. 


79 


A ball is allowed to fall from a height of, 10 m. If there is 
40% loss of energy due to impact. Then after one impact 
the ball will go up by 


. (а) 10m (b) 8m 


(c) 64m (d) 6m [C.P.M.T. 1988] . 
A. body of mass 2 kg is hung on a spring balance mounted 
vertically on a lift. If lift descends with an acceleration equal 
to acceleration due to gravity ‘g’, the reading on the spring 
balance will be 

(a) 2 kg (b) 0 

(c) 2g (d) 9/2 kg [С:Р.М.Т. 1988] 
A body of mass ‘m’ moving with a constant velocity *V* hits 
another body of same mass moving with the same velocity but 


in the opposite direction sticks to it. The velocity of com- 
pound body after collision is 


(a) У; (b) 0 

(с) 2V А (4) V/2. [С.Р.М.Т. 1988} 
Newton second is the unit of і 

(а) Velocity (6) Momentum 


(c) Angular momentum: (d) Energy. [C.P.M.T. 19881 
The length of a cube із 21X107? m. The volume in signifi- 
cant figure will be 
(а) 9261x 107* m? (b) 9:2x10-5 ms 
(c) 926x1078 m3 (d) 9:3x107* m? 

[С.Р.М.Т. 1988] 
Bing on a string. 
S moving with a 


The mass of the lift is 100 kg which is han 
The tension in the string when the lift i 
constant velocity will be (g—9'8 ms?) 
(a) 100N (b) 980 N 
(c) 980 kg (d) cannot be calculated 

3 ^ [C.P.M.T. 1988] 
A bullet of 10 g is fired with a velocity of 400 m/s from a gun 
of 5 kg. The recoil velocity of the gun will be | 
(а) 0:8 m/s (b) 8 m/s 
(c) 0°08 m/s (d) 800 m/s. — [C.P.M.T. 1988] 
The retarding force is applied to stop a train. If the speed ` 
doubled then the distance will be 
(a) Same (b) Half — 
(c) Doubled (d) Four times [C.P.M.T. 1988] 
From the top of a tower of a height 1960 m a stone is hori- 
zontally projected with a velocity of 10 ms. It will strike 
the ground after 
(a) 10S (b 5S 
(c) 20S . (d) cannot be calculated. 

[C.P.M.T. 1988] 
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A ball is just let fall from the window of a moving train, the 
ball will hit the ground А 
(а) Straight line path (6) Circular path 
(c) Parabolic path (d) Hyperbolic path 

[C.P.M.T. 1988] 
In a collision of two balls in general the following parameters 
are conserved 
(a) Kinetic energy (Б) Momentum 
(c) Kinetic energy & momentum 
(d) None of the above. [C.P.M.T. 1988] 


. Which of the following is a vector quantity 


(a) Electric charge (b) Charge density 
(c) Electric potential (d) Electric field intensity 

i [Delhi P.M.T. 1983] 
Newton’s law of gravitation 
(c) does not hold outside our solar system 
(b) can be verified in the laboratory 
(c) accounts for the spin of the planets [4.1.1.M.S. 1982] 
In order to find time, the astronaut orbiting in an earth 
satellite should use 
(a) pendulum clock (b) a watch having hair spring 
(c) either pendulum clock or a watch 


. (d) neither a pendulum clock nor a watch. [M.A.M.C. 1982] 
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A simple pendulum of ‘period T has a metal bob which is 

negatively charged. It is allowed to oscillate above a posi- 

tively charged metal plate, its period will 

(a) remain same (b) become less than T 

(с) become greater than Т (d) become infinite. 
[M.A.M.C. 1982] 


A stone dropped from a bridge reaches the bottom in 4s. The 


height of the bridge is 

(a) 7840 cm (b) 64 ft. 

(c) 2000 cm (d) 265 ft. — [M.A.M.C. 1982] 
An example of vector quantity i$ — 

(a) volume (b) displacement 

(c) temperature (d) speed. [M:A.M.C. 1982] 


ards with an initial velocity 


ically u 
А ball thrown vertically upw height attained by the 


19°6 ms-! return in 4 s. The maximum 
ball is 

(а) 196m (Б) 267m 
(c) 10m (d) none. [M.A.M.C. 1983] 
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- А body of mass m moved to a height Л equal to the radius of 


the earth R. The increase in potential energy is 


(a) 3 mgR (b) 2 mgR 

(c) mgR (d) ¥ mgR. [M.A.M.C. 1983] 
The energy of a particle moving at 5 ms” is 125 J, its mass is 
(a) 4 kg (Б) 6 kg 

(c) 10 kg (4) 25 kg. [B.H.U. 1983] : 


At what position the value of g is minimum. 
(a) at the centre of the earth 
(Б) on the surface of the earth 
(c) in an acroplane at a height of 2 km 
(d) in a mine which is 2 km below earth's surface. 

[B.H.U. 1983], 
The height above the ground of a Child on a swing varies 
from 2 ft at his lowest point to 5 ft at the highést point. The 
maximum speed of the child is (approximately) | 


(а) 11 ft s™ (5) 14 ft/s 

(c) 18 ft s 

(d) dependent on the mass of the child. [B.H.U. 1983] 

The motion in two dimensional plane is given by equations 
x=5 +4 
у=?+5 

The trajectory of the body is 

(a) parabola (b) circle 

(c) straight line (d) can't be decided. 


You are moving in a lift. Your weight will be zero when 
(a) lift moves up with a —9'8 ms? f 
(b) lift moved down with a=9 8 103-2 
(с) lift moves up with uniform velocity. 
(d) lift moves down with uniform velocity. 
is thrown vertically upwards witha velocity ot 40 ms. 
к Point back in thrower's hand with velocity 
(a) 20 ms? (b) zero 
(c) 40 ms? (d) —40 ms. 


The momentum of a body increases by 20%, the percentage 
increase in K.E. will be 

(a) 36 (6) 22 

(c) 44 (d) 12. 


DO 
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Work, Energy and Power 
IMPORTANT FORMULAE 


1. Work done by a constant force, 
W-F.S. cos 0 
where F=Force applied 
S=Displacement 
and 6=Angle between directions ‘of F and S 
2. Gravitational potential ener gy. 
P.E.=mgh | 
3. Potential energy of a spring, 
P.E.=} k x" 
where k=Spring constant 
i.e., restoring force per unit displacement ; 
x=extension or compression in spring. 
4. Kinetic energy, 
K.E.—23 т? 
5. Power, P= ра 
от P=F Xv 
SOLVED EXAMPLES 
Example 1. A body is displaced by 5 m by applying a cons- 
tant force of 20 N. What is the work done if the angle between the 
direction of force and that of displacement is (a) 0, (5) 60°, (c) 90°. 
Solution. F=20N, S—5m 
(a) 9=0 
Sis W=FSS. cos 0 
—20x 5x cos 8 
=100х1 
=100 J 
(5) W=20x5xcos 60 
—100x3 
=507 
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(c) W=20x5xcos 90 
=100х0 
=0 
Example 2. A bullet of mass 0°02 kg moving with a speed of 


100 ms™ penetrates 4cm into fixed block of wood. Calculate the 
average force exerted by the wood on the bullet. 


Solution. The kinetic energy of the bullet just before striking 
the block of the wood, 
E=} то 
—ix 02x 100? 
=100J 
The entire kinetic energy is used in doing work against’ the 
average resisting force F of the wood. 
* E=W=Fxs 
100—F x 0°04 
F—25x10? N. 


Example 3. A body of mass 5 kg initi, Ме 
a force оў 20. N. What is up os ку mid d " P Eris s ke 
the end of 105? 

Solution. m=5 kg, F=20 N 

Vi=0 and t=10s 
`. By F=ma 
20=5 а 
а=4 ms? 
`. By Vr— Vat 
=0+4х10 
Vs=40 ms! 
$ K.E.—1 т Уу? 
4 =}x 5X 40? 
. —4000 J. 

Exam . An electron and a proton are detected in a cosmic 
ray Bose the fen with kinetic energy 10 keV and the second 
with 100 keV Which is faster. the electron or the proton ? Obtain the 
ratio of their speeds. Electron mass— 9 11x 1071 kg, proton mass= 
1:67 1072" kg, 1 eV — 160 x 10 J). 

Solution. For the electron, 

K.E.=10 KeV 
=10х 10x 1°6 x 19719 J. 
=16x10"%J 
a + meve2=1°6 X 10715 
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NU PESICESURE 
Ыз 9:11 x 10751 


—5:93x 10? ms? 
For the proton, 
K.E.=100 KeV 
—]'6x107 J 
img —l6x10-* 
2xVr6x101 


ST 1:67x 10737 
—438x 10° ms! 
2 27:2 
Up 


The electron is faster than the proton. 


Example 5. An automobile moving horizontally at а speed of 
54 kmh= reaches the foot of an inclined smooth plane and the engine 
is switched off. How muchdistance does the automobile go up.the incline 
before coming to rest? The inclination of the plane to the horizontal 
is 40°. 

Solution. V=54 km/h 


The kinetic energy of the automobile is used todo working 
against the component of the gravitational force on the automobile 
down the plane. 

: FXS—imv 


oT D 2F 


Now a=g radi sin 40—6:3 ms? 
57jx63 
=17:86 m. 

[Note. The students may note - that it does not matter how 
much is the mass of the automobile you may get the same answer 
by 2 a$—V;?— Vel. { 

Example 6. Arain drop of radius 2 mm falls from a height 
of 500 m above the ground. It falls. with decreasing acceleration (due 
s resistance of the air) until at half of its original height, i! 


to viscou. 
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attains its maximum (terminal) speed and moves with uniform speed 
thereafter. What is the work done by the gravitational force on the 
drop in the first and second half of its journey ? 


Solution. Accleration of falling rain drop, through air, 


(B+R) 


Em 


where viscous force, R=6ryrv, 
n=Viscosity of air 
4 
Force of Buoyancy B= 73 Teo g, 


po=density of air 


4 
and mass of drop, m= 3 Tle, г (p— density of water) 
api [бод удул, 
a=g (e 2 1) 
ince E=- LÀ 9—-0013x9'8=0012 ms i 
Now since р 1000 g ms~ is small 
and T 55 will also be too small as » for air is 17:2 х 10-* Pas 
: v { 


Neglecting them, 2 
a=g, for each half journey 
Work done in each half journey 

=FxS 

=-mg XS 


26 ДА p) xS 
=( 3 mr? PIE 
Е х= (2x 1073): 10-3 "х2 


=0'082 J 
| Example 7. A body of mass 2 kg initially at rest moves under 
the action o m applied horizontal force of 7 Nona table with coeffi- 
cient of kinetic friction 0'1. Calculate us 
(a) Work done by the applied force in 10 S. 


(b) Work done by friction in 10 S. 
( 2 Work done by the net force on the body in 10 S. 
(d) Charge in K.E. of the body in 10 S... 
Solution. The force which moves the body, 
F=(F’—fé) where / = kinetic frictional force 
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and F’=applied force 
New Sr=pe N=pe mg 
=0°1X2x98=1°96 N 
e F=(7—1°96)=5°04 N 
°. By F=ma 
5:04—2xa 
a=2°52 ms? 
Vi=0 and 1—10 S 
°. By S—vut4-dar* 
=0-++}х2`52х 10? 
=126 m 
(a) Work done by the applied force, 
W-—F'xS 


(b) Work done by frictional force 
W’=/2xS 
=—1°96x 126 
= — 24696 J 
(c) -. Work done by the net force on the body, 
р W"=W+W’ 
—882—246:96 
=635'04 J 
(d) Since whatever work done by net force the same will be 
change in K.E. of the body, 
So the change in K.E. of body 
=635'04 J 
Example 8. A car of mass 2000 kg is lifted up a distance of 
30 m by a crane in 1 min. A second crane does the same job in 2 min. 
Do the cranes consume the same or different amounts of fuel? What 
is the power supplied by each crane ? Neglect dissipation of power 
against friction. 
Solution, Since the two cranes lift the same car, by same 
distance, the work done by each of them will be 
W-FxS 
—mg S Ма 
=2000х9`8х 30 
=5°88 x 105 J 


Since the work done by each crane is 5°88 X 105 J, sò they con- 
sume the same amount of fuel. 
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Pewer ef first crane, 


p,2— 
f1 
_ 588x103 
|| 605 
—9*800x 10* watt 
—9'800 kW 
Power of second crane, 
Ww 
Pee 
_ 588< 10 J 
|». 2x60s 
—49kW. 

Example 9. A pump оп th? ground floor of a building can 
pump up water to fill a tank of volum. 30 т? in 15 min. If the tank 
is 40 m above the ground and the efficiency of the pump is 30%, how 
much electric power is consumed by the pump ? 

Solution. 

: Output work (W;) 
Efficiency, n= Tmput work (W) work (W) 190 
100 
S Wa Wax 100 
1 
Now W;-mgh 
-(Vpgh - 
--(30x 1000) 9:8 x 40 
[." P-density of water— 1000 kg m^] 
= 1176 x 10* J 
> 1176x 10* x 100 
W= FSRA N J 
W-392x 105 J. 
Electric power consumed by the engine, 


392x 10° J 
= “15x 60s 
-4Y6X 10° watt 
=43:6 kW. 
е 10. 4 motor boat is moving at a steady speed of 
36 km h-}, the water.resistance of the motion of the boat is 5000 


N, calculate the power of the engine. 
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Solution. F—5000 N, »=36x & =10 msi 


Power of the engine, 

P=F xv 
=5000 x 10 
: =5 х 10‘ watt. 

Example 11. 4 train weighing 10° kg is moving upan inclined 
plane rising 1 in 200, with a uniform speed of 72 km Тї. If the 
frictional resistance amount to 0'4 kg per metric ton, find the power 
of the engine. S 

Solution. 7:--10* kg—10? metric ton 

Frictional resistance, 

f*—0'4x 10? kg wt. 
=04x 9:8 x 103 N 
—3920 N 
Resultant force moving the train up the inclined plane, 
F—(fa4-mg sin 0) 


= (392010 9:8 3) 


200 

— (3920 + 49000( 
Е= 52920 N 

= E = rol 
v=72X 18 =20 пв 

Power of the engine, 

P-FEXv 

= 52920 x 20 

= 1058400 watt 

= 1058:4 kW. 


Example 12. A bullet of mass 0:012 kg and horizontal speed 
70 ms“) strikes a block of wood of mass 04 kg and instantly comes 
to rest with respect to the block. The block is suspended from the 
ceiling by means of thin wire. Calculate the height to which the block 
rises. Also estimate the amount of heat produced in the block. 

Solution. From principle of conservation of momentum, 

ml d maus =m vitm 
0:012x 704-04 x0=0°012 v+0°4x0 

:012х70 210 
0412 — 103 

Since the bullet must have embedded into block after striking 
it, by principle of conservation of energy, 


n= 
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Кт, +m) v= (m, 3 my) gh 
ye бас ( Aw) 
=z ^ 2x98 \ 103 ) т 
=21°2 cm. ч 
Amount of heat produced — Loss of energy in collision 


—[K.E. of bullet before collision—K.E. 
of bullet and block after collision] 


—[3 mui?—3(m4-mj уз] 

1 to кыд ү 
=| 01270-0412 ( y] 
=28°55 J 


Example 13. А body of mass 0:3 kg is taken up an inclined 
Plane of length 10 m and height 5. m and then allowed to slide down 
the.bottom again. The coefficient of friction between the body and the 
plane is 0°15. What is the 


(a) Work gone by the gravitational force over the round trip. 
(5) ` Work done by the applied force for the upward Journey. 
(c) Work done by frictional force over the round trip. 

(d) Kinetic energy of the body at the end of the trip 1 
Solution. 


(a) sin 9-7 — 


6=30° 


Work done to move the body up the inclined plane against 
gravitational force, 
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W=FxS 
—mg sin 0x / 
——03x98x3x10 
` 14:7: 
Werk done by the gravitational force to bring the body down 
the inclined plane, З 
W'—mg sin Өх/ 
> =147 J 
Net work done by the gravitational force over the round 
trip 
=W+W'=— 1474-1477 
=0 
(b). The applied force (see figure), 
F=(mg-sin 04-fx) 
=mg sin OFAN 
—mg sin 0-- рте cos 0 
—mg (sin 0-l- cos 0) 
—0:3x 98 (10:15 x cos 30) 
—2:90 (0:5-0`15 0:866) 
=1'85 N 
Work done by the applied force, 
W,-FXS 
=1:85 х 10 
=18`5 J. 
(c) Work done by the frictional force on the b 
round trip, ў 
by W=FxS 
W,=—/feX 21 
= —ymg cos Û x 2l 
= —0'15X0°3X9'8 X 0866 X 2X 10 
=--76J. } 
—Net work done on the body 


=W,+W; 
—(185—7`6) 


=109 J. 

Example 14. A toy rocket of mass 0*1 kg has a small fuel of 
mass 0°02 kg which it burns out in 3 s. Starting from rest on a hori- 
zontal smooth track it gets a speed of 20 ms- after the fuel is burnt 
out. What is the approximate thrust of the rocket ? What is the 
energy content per unit of mass of the fuel? (Ignore the small. mass 
variation of the rocket during fuel burning.) 


/ 


ody over the 


(d) K.E. of the body 
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Solution. Thrust of the rocket, 
F=ma 
__т(юу—) 
X EX 
120—0 
=01 ( - ) 
=4N 
The kinetic energy the rocket gained in 3 seconds 
=} m? 
=} x01 x20? 
=20 J 
The energy content per unit mass of the fuel 
20 J 
=:02 7 = 1000 J/kg. 

. Example 15. A bolt of mass 0°3 kg falls from the ceiling of 
an elevator moving down with a uniform speed of 7 ms. It hits the 
floor of the elevator and does not rebound length of the elevator is 3 m. 
What is the heat produced by the impact? Would your answer be 
different if the elevator were stationary ? 

Solution. It is the potential energy of the bolt which converts 
into heat when the bolt hits the floor. 

Heat produced —mgh 
—03x98x3 
^ =8:82 Ј 

Heat produced will still Бе 8:82J if the elevator is even 
stationary. 

Example 16. The bob of the pendulum is rcleased from a 
position when the string holding the bob is straight and horizontal. If 


the length of the pendulum is I'5 m, what is the speed with which the 
bob arrives at the lower most point, given that it dissipates 5% of its 


initial energy against air resistance. 


Solution. The potential energy of the bob converts into 
K.E. when bob reaches at the lower most point. Since 5% energy 


get dissipated, 


K.E.=95% of potential energy 


кы ср 
z m= 100 mgh 


Тоа т, 
2х 5g Х98Х15 


y1—27:93 
v—53ms '. 
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Example 17. A trolley of mass 200 kg moves with a uniform 
speed of 36 kmh™ on a frictionless track. A child of mass 20 kg runs 
on the trolley from one end to the other (10 m away) with a speed of 
4 ms~ relative to the trolley's motion and jumps out of the trolley. 
What is the final speed of the trolley? How much has the trolley 
moved from the time the child begins to run ? 

Solution. 36 km/h—36x = =10 ms“? 

The child gives an impulse to the trolley to start running on 
the trolley. If v is the increase in the velocity of the trolley due to 
this impulse, then by principle of conservation of momentum, 

mM Vit mo, —nuy A- Me 
200(10+-v)-++ 20(10-+ 0—4) 
=200 x 10+-20x 10 

(Since the boy before starting running on the trolley, he is 
moving along with the trolley at the speed of 10 тэ’, 
i.e. 15—10 ms 1) 

On solving the above equation, we get 


; qm E ms? 
—0:36 ms! 
The new speed of the trolley, 
v' =(10+0°36) 
=10`36 тт! 
The time taken by the child to cross the trolley, 
5 
TE UE 
. I0 
cm 
22:5 5 
The distance moved by trolley during this time, 
s=u' Xt 
= 10°36 X2°5 
=25°9 m. 


Example 18. £stimate the amount of energy n eleased in the 
nuclear fusion reaction : 
r 1H? + 1H? —> He + оп! 
(Given that mass of ,H*—2:0141 и 
mass of ,H*—3'0160 u 
mass of on! — 10087 u) 
Solution. Total mass of reactants 
::2x20141 n 
= 40282 u 
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Total mass of products 
—3'0160 и 
+170087 и 


40247 и 
Loss of mass in reaction 
=4 0282 u—40247 и 
—0:0035 u 
But on loss of mass of 1 u, 933 MeV energy is released. 
: Energy released in the reaction, 
Е=0:0035 х 933 MeV 
6 =3°2655 MeV. 

Example 19. A truck tows a trailer of 1500 kg at a steady 
speed of 54 km|h on a level road. The tension in the coupling is 800 N. 
Find the tension in the coupling when truck ascends a road having 
inclination 1 in 5. What is the power expended on trailer on the 
(a) level road (b) inclination ? 


Solution. m=1500 kg, v—54 km/h 
=54х ü —15 ms! 


Initial tension То=800 N 

Additional tension in coupling on the inclination, 
АТ=т sin Ө 

—1500х98х + 


5 
— 2940 N 
Total tension in the coupling, 
T=TotAT . 
— (800-2940) 
=3740 N 
nded to trailer on the level road 
Po=To XY [- P-Fxv] 
—800x 15 
— 1200 watt 
=12kW 
(b) Power expended to the trailer on inclination, 
p—Tv 
—3740x 15 
—56100 watt 
=561 kW 


(a) Power expe 
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Example 20. Calculate the energy equivalent to one atomic 
mass unit. | 
Solution. | atomic'mass unit. 
lu=1°661 х 10 ?? kg 
Energy due to lu, 
by E—mc, 
lu=(1°661 х 10727) (2998x105)? J 
—14:929x 107! J 
. M929x 1071 
RSA 
979 lv=933 MeV 
Example 21. А boy of mass 40 kg sits in а swing by a rope 
of 6 m long. A person pulls the swing to a side so that the rope makes 


an angle of 60° with t Д ۸ in i i 
2) ge bo» А with the vertical. What is the gain in potential energy 


MeV 


Fig. 4.2. 


Solution. The height through which the boy is raised 
—AB—AC 
=6—6 cos 60 
i =61—4) 
DE h—3 т 
The gain in P.E. of the boy=mgh 
—40x98x3 
711761 
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Example 22. A spring fixed at one end stretches by 2 cm 
when 2 kg weight is suspended from its lower end. Calculate (c) the 
force constant (b) the work done to stretch it further from 2 cm to 

ст (g—10 ms 3.) à 


Solution. The force constant of the spring (spring constant , 


—10? Ni! 
The potential energy of a Spring, 


E=> KE? 
The werk done—E,—E, 


X 10*(05*— :022) 


=105J 
EXERCISE 4 


J. An engine pulls a train 2 km over a level track. Calculate the 
work done, given that the frictional force is 4 105 N, 


2. A bullet of mass 0:03 kg moving with a speed of 500 ms-! 
penetrates 12cm into a fixed block of wood. Calculate the 
average force exerted by the wood on the bullet, 


3. А shot travelling at the rate of 100 m/s is just able to pierce a 
planck 4 cm thick. What velocity is required to pierce the 
plank 0°25 cm thick ? > 


4. A weight lifter carries 20 kg weight over his head through a 


distance of 50 m in (a) the horizontal direction, (b) the vertical 
direction. Calculate the work done in each case. 


3. А boy of mass 50 kg sits ina swing suspended by a rope 5 m 
long. It is pulled by a person so as to make an angle of 30° 
with the vertical What is the gain in gravitational potential 

. energy of the boy ? 

6. A train weighing ЮЗ kg is moving up an inclined plane rising 
l in 100, with a uniform speed of 72 km/h. [f the frictional 
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resistance amounts to 0'5 kg wt. per metric ton, find the power 
of the engine. [H.P.S.S.E. 1988] 


An automobile moving horizontal with a speed of 72 kmh” 
reaches the foot of a smooth incline when the engine is 
switched off. How much distance does the automobile go up 
the incline before coming to rest ? The inclination of the plane 
to the horizontal is 30° and the acceleration due to gravity at 
the place is 9'8 ms *. 


A car weighing 10° kg moving with'a velocity of 36 kmh^! is 
having a uniform acceleration of 2 ms ?for 30s. Find the 
work done. E 


The driver of a truck of mass 10 metric ton, moving at a speed 
of 72 kmh™, finds a child at a distance 102 m. He applies the 


brakes to stop the truck within 2m of the child. Calculate the 
work done 


A body of mass 1 kg is attached to a string 2 m long. The 
body is held so that the string is horizontal and it is then 
allowed to fall. Calculate the K.E. of the body when the string 
makes an angle of (a) 60? (b) 0? with the vertical. 


The mass of a pendulum bob is 100 g and the string is 1 m 
long. The bob is held so that the string is horizontal and it 
is then allowed to fall. Find the K.E. when the String makes. 
an angle (a) 0? and (b) 30? with the vertical ПІТ. J.E.E. 1963] 


What is the energy released when | g of a substance is lost ? 


Calculate the energy equivalent to Ј amu (1 amu=1'66x 10727 
kg & c—3X 108 msi). 


What mass must be converted to get 1 MJ of energy ? 


A truck tows a trailor at a ‘steady speed of 20 ms? on a level 


toad. . The tension in the Coupling is 1000 N. Calculate the 
Power expended on the trailer. [ 


In Olympic a weight lifter lifts 300 kg weight over his head by 
2min2 minutes What is the power of the man ? 


A truck tows a trailer of mass 1200 kg at a steady 8 eed of 
10 ms? on a level road. The t ed 


ension in the coupling i 
1000 N. Find the tension in the coupling -when the truck 
ascend a road having an inclination of | in 6, Calculate the 
power expended on the trailer (a) on the level road, (5) on the 
inclined road: à 


A motor boat is moving at a steady speed of 20 ms, If the 


water resistance of the motion of the boat is 6000 
the power of the engine. Зи ES 


A pump set is used to lift wate I i 
n T to a reservoir of 6000 litres 
capacity over an average height of 20 m. If it takes 1 hour 


21. 


22. 


23. 


24. 


298 


26. 


27. 


28. 


29. 
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to fill the reservoir completely, calculate the work done and 
the power supplied to the pump if its efficiency is 60%. j 
An electric motor is used fo lift an elevator and its load, total 
being 1500 kg to a height of 20 m. The time taken in the 
jobis 20 S. The efficiency of the motor is 75 per cent. What 
is the work done and the power of the motor ? 


A pump is required to lift 600 kg of water per minute from a 
well 25 m deep and to eject it with a speed of 50 тѕ-!. Calcu- 
late the 

(a) work done per minute in lifting the water. 

(b) work done in imparting K.E. to water. 

fc) the power of the engine. 


A crane is used to lift 10 metric ton of coal from a mine 100 
m deep. Calculate the total work done, if the time taken by 
the crane is l hour. Calculate the power of the crane, 
.assuming the efficiency of the crane 80%. 


An electron strikes the screen of a cathode ray tube with a 
velocity of 10° ms™. Calculate the K.E. (mass of electron= 
9x 10731 kg). 

A spring fixed at one end is stretched by 5 cm when a weight 
of 30 N is suspended from its other end. The spring is further 
stretched such that its elongation increases from 5 cm to 8 cm. 
Find ‘a) the force constant and (b) the work done. ' 


A 2 kg mass on a floor is connected to a 5 kg by a string 
passing over a pulley. Obtain the speed of the masses after 
they are released when the 5 Кр mass just reaches the floor. 
Establish that gain in K.E. of the system equals the loss in 
its potential energy.’ The 5 kg mass is initially at a height of 
3 m above the ground. 
A body of mass 5 kg moving with a speed of 4 ms-! on a 
frictionless table impinges on a mounted spring of force 
constant 5X 10° Nm-!. What is the compression of the spring 
when the body comes to test ? 

is fitted with 5 electric lamps each of 40 W and other 
S impe p of 60 W. If all the lamps are lighted for 8 hours 
ina day. What is the bill of the electricity in the month of 
November at the rate of 30 paise per unit ? 

i rriage of mas: 8,000 Кр moving with a speed of 
КРДЕ : stationary carriage of the same mass. After 
the collision the carriages get coupled and move together. 
What is their common speed after collision ? rs 


A rain drop of radius 4 mm falls from a height of 200 m above 
the ground. It falls with decreasing acceleration due tc 
viscous forces of the air until at one-fourth of its originai 
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30. 


gi 


32. 


33. 


34. 


ВЭ? 


36. 


915 


_ kinetic friction is 072, calculate the 


height it attains the terminal velocity and moves with uniform 
speed thereafter. What is the work done by the gravitational 
force on the drop in the first and second part of the journey. 


А body of mass 1:5 kg initially at rest moves under the action 
of an applied force of 8 N for 5 seconds. If coefficient of 


(a) work done by the applied force 
(Б) work done by friction . 
(c) work done by the net force 
(d) change in K.E. of the body. 


A body of mass 2'5 kg initially moving with v. 
acted upon by a force of 2 kg wt for 12 S. If coefficient of 
kinetic friction is 0°15, calculate the above quantities from 
(a) to (4) іп Q. No. 30. (Take g—10 ms-?;. 5 


A ball of mass.200 g dropped from the top of a lift 2:5 high 
hits it floor and does not rebound. If the lift is moving with 


a uniform speed of 8 ms, what is the heat produced by the 
impact ? 


elocity 5 ms-! is 


The bob of a pendulum is released from a horizontal position 
keeping its string straight. If the length of the pendulum is 
V2 m, what is the speed with which the bob arrives at lower 


most point given that 1% energy is dissipated against air 
resistance. 


A rocket model of a mass 0'2 kg has а fuel 0°05 kg which it 
burns in 4 8. Starting from rest on a horizontal smooth track 
it gets a speed of 12 ms7 after the fuel is burnt out What is 
the approximate thrust of the rocket? What is the energy 
content per unit mass of the fuel ? 

A trolley of mass 150 kg moves with a uniform speed of 12 
ms” on a frictionless track. A boy of mass 40 kg runs on 
the trolley from one end to the other 4 m away with a speed 
of 5 ms~ relative to the trolley in the same direction of the 
motion of trolley and jumps out of the trolley. (2) What is the 
final speed of the trolley ? How much has the trolley moved 
from the time the child begins to run ? (b) If the boy runs with 
the same relative speed in the direction opposite to the motion 
of the trolley, recalculate both the values of part (a). 


Calculate the energy released in MeV in the following nuclear 
reaction 


on! +, Lie — oHe!+,H? 
(masses of jn!— 1-008665 amu Li*—6:015126 amu, „Не 
4002604 amu and 1H*-—3:016049 amu). У 
и, Mev energy is released 


эз ow many fi in the fission of a single nucleus of 
: any fissi Я 
а power of 2 kW ? У Assions must occur per minute to produce 


38 


39 


41. 


42. 


43. 


44 


45. 


46. 
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When four: hydrogen atoms combine, they form i 
along with two positrons (4,€^) each of mass 0 ee VE 
culate the energy released (mass of ,He* atom 4'0026042) T 


The fission of single ,5U*?* nucleus releases 180 M 
Ho А eV energy. 
ef bn many fissions must occur per hour to produce a power 
Calculate the binding energy for Н? nucleus in MeV 
(mass of proton— 1007825 a.m.u. 3 
mass of neutron— 1008665 a.m-u. 

mass of ,H?—2'014103 a.m.u. 
and | a.m.u.— 931 MeV) [A.LS.S.E. 1989] 
[Hint— Binding energy is the energy released d 
defected.] E y mnes 

OBJECTIVE TYPE QUESTIONS 


The unit of power is” 


(a) Joule (6) Joule per second only 
(c) Joule per second and watt both (d) Watt only. 
[C-P.M.T 1988] 


If the velocity of a particle is doubled then the kineti 
will WE ocity of a pa n the kinetic energy 
(a) Doubled (b) Remains the same 

(c) Four times (d) ith. — [C.P.M.T. 1980, 1988] 
State if each the following statement is true or false : 


(a) In an elastic collision of two bodies, the moment 
energy of each body is conserved ; — um and 
(b) Total energy of the system is always conserved ; 
(c) Work done in the motion of a body over a cl 2 
zero for every force in nature ; osed loop is 
(d) In an inclastic collision, the final K.E. is alwa: 
the initial K.E. of the system. ys less than 
A ball is allowed to fall from a height of 10 m. If there i 
409/, loss of energy due to impact. Then after one COH 
will go up 
(а) 10m (58m (04m (2 6m ([С.Р.М.Т. 1988] 
A light and heavy body both have equal momentum which one 


has greater K.E. 

(a) The light body (6) Both have equal K.E. 

(c) The heavy body (d) The data given is incomplete. 
Ee dst. di se [C.P.M.T. 1988) 

A li d heavy body qu ti д 

peni momentum tc energy. Which one 


50. 


51. 


52. 


(a) The light body (b) Both have equal momentum 
(c) The heavy body (d) The data are in sufficient. 

[C. P. M.T. 1988] 
The momentum of a body decreases by 20%, the percentage 
decrease in its K.E. will be 
(а) 36 ٠ (0) 48 (с) 40 (d) None of these. 
The power required to raise a body of weight 368 N vertically 
at a velocity of 4 ms~ is equal to 
(a) 92 Watt (b) 372 Watt 
(c) 92 H.P. (d) 2 H.P. 


A particle executes simple harmonic. motion with a frequency 
f” The frequency with which its kinetic energy oscillates is : 


@ 2 Os 

(с) 2f (d) 4 ПІТ. J.E.E. 1987] 
Two bodies M and N of equal masses are suspended from two 
separate massless springs of spring constants Kı and K, 
respectively. If the two bodies oscillate vertically such that 
their maximum velocities are equal, the ratio of amplitude of 
vibrations of M to that of N is 

(a) kilka (b) Vlk: 

(o k [kı (d) A/k,k;. (LIT. J.E.E 1988) 
A uniform chain of length L and mass M is lying on a smooth 
table and one-third of its length is hanging vertically down 
over the edge of the table. If “2” is acceleration due to gravity, 
the work required to pull the hanging part on to the table is 
(a) Mg L (b) Mg L/3 

(d) Mg L/9 (d) Mg 118: П.Т. Ј.Е.Е. 1985] 
Two masses of 1 р and 4 g are moving with 'equal K.E. the 
ratio of the magnitudes of their linear momenta is 

(a) 4:1 . (6) 2:1 

(c) 1:2 (d) 1:16. ULT. J.E.E. 1988] 


A body is moved along a straight line by a machine delivering 
constant power. The distante moved by the body intime 
‘r is proportional to 

(a) pr (b) pn 

(с) P^ (d) 1 

Two boys of same mass climb the same ladder in different 
interval of time. Which of the following quantities 1s different 
for two boys 

(a) Work (b) Power 

(c) Work and power both (d) Weight. oo 


| 5 
Rotational Motion 


IMPORTANT FORMULAE 


Centripetal force, centrifugal force and tension in a string 
rotating in a circular path, 
2 
jeg m- mass of the body 


= , 


а v=speed of the body 


r=radius of circular path 
n=No. of revolutions per 
sec. 


The banking angle (0) of a path at the turning, is given by 


v=2tnr ; 


v=speed of vehicle 

r=radius of circular path 
at the turning. 

The velocity of a vehicle on a banked road of radius ‘r’ is 

given by 


v= UTI JA 8—banking angle 
Р р=соећ. of friction 


2 
tan ge 8 
re 


Rotational K.E.—3 Iw? ; 1= moment of inertia 
w = Angular velocity. 
Angular momentum, 
L=myr=lw 
Torque, T—F.r—lo ; == Angular acceleration 
Work done by Torque, 
0: 


R 0—angle of rotation ^ 
Equations of rotational motion of a body, 

0) — a 4- ot? ; w=Final angular ed 

8—cor4- 3o? @o= Initial angular velocity 

200= 03—02 w— Angular acceleration 
@==angle of rotation 
t—1time. 
The moment of inertia of a body, 
[= mir: 
i 

Principle of Parallel Axis. The moment of intertia of a body 
about any axis is equal to the moment inertia about: a parallel 
axis through its ссліте of mass plus the product of the mass of 


the body and sqear^ of distance ‘a’ between the tw: j. 
ody стат! 1i tM at. o"axes, i.e. 
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12. Principle of Perpendicular Axis. The moment of inertia 
of a plane lamina about an axis z perpendicular to the plane 
of the lamina is equal to the sum of the moments of inertia I. 
and Iy of the lamina about two axes x and y at right angles 
to each other in its own plane, intersecting each other at the 
point where perpendicular axis passes through it 


Is=Ig+1,y. 


13. Moment of Inertia of Some Common Solids 


S. Shape of 
No. the Rigid 
Body 


Dimensions 


Axis of Rotation 


Moment of 
Inertia 


form rod 


2. | Thin Circu- 


lar ring 


3. | Rectangular 


lamina 
4. | Uniform 

cylinder 
5. | Sphere 


6. | Circular 
disc 


Tnin Uni- | Length / 


Radius r 


length / and 


width b 


Radius r 


Radius r 


Radius r 


(a) Through the 
centre and per- 
pendicular to 
length 


(b) Through .one 
end of the rod 
and perpendi- 
cular to its 
length 


(a) Through the 
centre and per- 
pendicular to 
its plane 


(b) Through the 
centre about 
one of its dia- 
meters 


Through the centre 
and perpendicular 
to its plane 


: Through its centre 


and  perpendicu- 
lar to its plane 
surface 

Through its centre 


About a diameter 


MP 


4Mr? 


M( +b?) 
12 


Mr 


Li 
Mr 


а= шл И gd up 
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SOLVED EXAMPLES 


Example 1. 4 body rotating in a circular path is making 300 
rpm. Calculate the angular velocity of the body. What is the speed 
of the bady if the radius of the circular path is 70.cm ? 

Solution. n=300 rpm (rpm=revolution per minute) 
_ 300 

60 


=5 rev. per sec. 


Angular velocity, A 
o=2nn=2n X5-— 101—314 rad 5-1 
Speed of the body 
V=or 
=107 X70 cms 
—22 ms^!. 
Example 2. A mass of (5 kg is whirled in a circle by a. string 


0:5 m in length. If the maximum tension the string can bear in 25 N, 
what is the fastest speed with which mass can be revolved without 


breaking the string ? 

Solution. Here m—0'5 kg, r—0'5 m and F=25 N 

mo? 
r 
2005» 
95 
v—5ms! ; 

Example 3. A body weighing l'4 kg is whirled in a vertical 
circle making 3 revolutions per second. If the radius of the circle is 
0:7 m, find the tension in the string when а body is (а) at the bottom of 
the circle (b) at the top of the circle 

Solution. m=1-4 kg, n=3 rev./s 

By »-2mnnr, 


ve2x x3x07 


By F= 


25 


r=07m 


—132 твт! 
(a) The tension in the string at the bottom of the circle, 


1= (eme ) 
r 
“= | 14x o's | 


=3622 № 
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è Fig. 5.1. 
(b) The tension in the string at the top of circle, 


ту? 
т.-( ; mg ) 
CIF АХ (132) Е о 
Tib ap 14x9°8 | 
=334'76 N х 
Example 4. A4 spherical cage is erected in a circus for per- 
forming a motor-cycle feat of going іп а verticle circle. If the radius 
of the spherical cage is 5 m, what is the maximum speed with which 
he has to perform the feat so that he may not fall ? 
Solution. 
circle in a cage, 


For not to fall when going around in a vertical 


mv? 
r 


2mg 


v>v'rg 
>V 5X98 
27ms! 
7. The minimum speed of motor cycle must be 7 ms 


‘ 
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Example 5. А train has to negotiate a curve of 250m. Ву 
how much should the outer rail be raised with respect to the inner rail 
for a speed of 54 kmh™ ? The distance between the rails is 12 т. 

(Take g=10 ms-3) 


Solution, 0=54 km/h=54x > —15 ms 
tang S 
rg 
117225 
—350x i0 
=09 


If outer rail is raised by A metre in comparison ‘to the inner 
rail, 


h 

tan 0= 

.09= 4 

S 09—15 
h—'108 m. 


Example 6. The total mass of a motor-cycle and the-rider is 
150 kg. The rider has to negotiate a curve of radius 40 m at a speed of 


45 kmh". If the coefficient of friction is 0'4, will the rider be able 


to go around the curve successfully ? At what angle should he learn 
over so as to avoid a spill. 


Solution. VES x ms~!=12'5 ms} 
The centripetal force required to go around the curve, 
mv? 
F= 
r 

_ 150 (12:5)2 

T 40 . 

—585'9 N 


The maximum force of friction, 
Sms=pN = ping 
—04x150x98 
=588 N 


nto fms>F, the necessary centripetal force will be provided 

by the frictional force and the motorcyclist will go around the 

curve successfuliy. If 0 is the angle he should lean from the vertical 

then с , 
;2 

tan 0= 


106 
_ 25/2} 
7740x98 
—0:3986 
6=21°44’ 


T li r2 
le7. An aeroplane travelling at a speed of 540 kmh 
ЖЕЛКЕ EU of 45° when it takes a turn. What is the radius of 


the curve ? 


5 = M 
Solution. v=540X ig ms 1—150 ms? 
tan 0——— 
_ 150: 
tan 45— 7X98 
4 Js ر‎ 0 [. tan 45=1] 
= 2295:92 m 


Ex^mple 8. 4 60 kg man stands in contact against the wall 
of a cylindrical drum of radius 2 m rotating about its vertical axis 
with 100 rpm. The coefficient of friction between the wall and his 
clothing is 0:14. What is the minimum rotational speed of the cylinder 
to enable the man to remain struck to the wall without falling when the 
floor is-suddenly removed ? 


Solution. The required centripetal force is provided by the | 
horizontal reaction ‘N’ of the wall of rotating cylinder on the man. 
mv? 
r 


The frictional force acting vertically upwards balances the 
weight of the man. 


*. The man will not fall down éven after the floor is re- 


moved if 
fe2mg 
QU uN2mg 
3 
d E 2mg 
v2 8" 
B 
98x2 
014 


"21183 ms! 
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Minimum Rotational Speed 


..» 11:83 
ыт ZU. 022. 
=5`92 rad. s7 


Example 9. 4 thin circular wire of radius r rotates about its 
vertical diameter with an angular frequency ‘w’. Show tha a small 
bead on the wire remains at its lower most point for w<V/ glr, what 


is the angle made by radius vector Joining the centre to the bead with 


the vertical downward direction for w= \/ 28۹ 
If 


Solution. The normal reaction on the bead is equal to the 
centrifugal force. н 
N= mv? 
r 
-mo?r 
where w=angular frequency 
It is evident from the figure, 
N'cos 0—mg 
.. COS =” 
xU 
` mo?r 
8 
or 
We know | cos 0 | «1 
The bead remains at the 
lower most point for 


cos 0— 


Fig. 5:2. 


For w= 128 М 


cos 0— 2 becomes 
or 
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Example 10. Jf the moment of inertia of a uniform circular 
disc of mass M and radius r about an axis passing through its centre 
and perpendicular to its plane in  Mr?. What is the moment of inertia 
of the disc (a) about any ef its diameter (b) an axis passing through a 
point on its edge and normal to the disc ? 


Solution. (а) Let [=}Mr? and moment of inertia about any 
diameter be I. 


By principle of perpendicular axis of moment of inertia, 
I=],+], Ue=Te+Iy] 
L=}I 
=}}Mri)=}Mr? 
(b) Let Is. bethe moment of inertia about an axis passing 


through a point on its edge and normal to disc. By principle of 
parellel axis of moment of inertia, 


һ=1+Мг?° [1=1с-ЕМа?] 
=$Mr?+Mr? à 8 
TES) а 
= Mr 


_ Example 11. А solid cylinder of mass 15 kg rotates about its 
axis with angular speed of 50 rads. The radius of the cylinder is 
0:24 m. What is the K E. associated with the rotation of the cylinder ? 
hanis the magnitude of angular momentum of the cylinder about its 
axis ? 

Solution. Moment of inertia of the cylinder about its axis, 
I=4Mr? . 
={х15х (24)? 
=0°432 kgm? 
The rotational K.E.—4Io*? 
=} x 0'432 x 50? 
=540 J 
The angular momentum of the cylinder, 
L-—10—0:432x 50 
=21 6 kgm*s 
Example 12. A child stands at the centre of a turning table 
with his two arms outstretched. The turntable is ser rotating with an 
angular speed of 60 rpm. (a) How much is the angular speed of the 
child if he folds his hands back and thereby reduces his moment of 
inertia to 3/4 times the init‘al value? Assum that the turntable 


rotates without friction. (b) Show that the child's new K.E of rotation 


1s more than the initial К.Е. of rotation. How do you account Sor this 
increase in K.E. ? 


Solution. (шд) By principle of conservation of angular mo - 
mentum, Ч 
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E 
Ds Lo,— Lx 60 


an o,=80 rpm 

(5) Initial R.K.E. —1Lho 

=41,60° 

==18001, 

New R.K.E: = 1,0,2 
=>x Fx 80° 


9 —2400 1, 


„Тһе increase іп К.Е. is due to the internal energy that child 
uses in folding his hands back from his stretched position. 


Example 13. 4 rope is wound round a hollow cylinder of mass 


2 kg and radius 25 cm. What is thé angular acceleration of the cylinder 


if the rope is pulled with a Sorce of 30 М? What is the linear accele- 
ration of the rope ? 
Solution. Moment of inertia of the cylinder 
1 


= Mr? 


1 
== 25 
2 х2х`2 
^ —0'0625 kg m? 
Now moment of the force i.e. torque 


Angular acceleration, , 
@=120 rad s+ 
Linear acceleration, a= wr 
-:120x 25 
=30 ms 
cations tant torgue, а whee] 
le 14. On the applications of cons vhe 
is ea fan rest through an angle of 200 radian 8 S. (а) What i irs 


«angular acceleration and (b) Angular velocity of the wheel after 125 
тот start. 


EP 
Solution. By o=o: ус 
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260—0x 8-LL-ox 8? 


=6`25 rad s^? 
By 00, - of 
=0+625 x 12 
=75`00 rad s ? 
Example 15. A cylinder of mass 4 kg and radius 20 cm and 
free to rotate about its axis, receives an angular impulse of 4 kg ms 


initially followed by a similar impulse after every 5s. What is the 


angular speed of the cylinder 44 s after the initial impulse? The 
cylinder is at rest initially. ; 


Solution. Moment of inertia of the cylinder, 


I=} Mr* 


= х4х( 2)2 


—'08 kg m? 
Angular Impulse, 
Ј=1 mo 
oe 
I 


Lt 
~ 08 
=50 rad s! 


This angular velocity 50 rad 871 is obtained by the cylinder in 
5 S from the rest. 


oe 30 =5 rad s~? 
Since one impulse each is received after every 5 S, out of 44 S, 
the velocity will increase only during 40 S. (During this time, 8 
impulses will be received and 9th impulse will be received only after 
45 S). 


By ()—09- wt 
=50+5x 40 


=250 rad s^? 

. Example 16. A solid cylinder rolls down an inclined plane. Its 
Ras is 2 kg and radius 01 m. If the height. of the inclined plane in 
ч m, What is the rotation К.Е. when it reaches the foot of the plane ? 

Ssume that the surfaces are smooth. 
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Solution. When the cylinder reaches from top A of the 
inclined plane to its foot B, the potential energy of the cylinder 


Fig. 5:3. г 
converts into the rotational K.E. and linear K.E. So by principle of. 


' conservation of energy, 


mgh=% Io*--3 mv? 


But I=} mr? for the cylinder 
and UL. 
F 


2 
j mgh=3(4mr?) (=) +3mv? 


v= Fgh ! 
Now rotational! K.E. of the cylinder, 
R.K.E.—1 Io? 


=4mgh 
—4Xx2x98x3 
_ 19:65 
Example 17. A cord is wound around the circumference ofa 
wheel of diamcter 0'4 m. The axis of the wheel is horizontal. 1'5 kg 
mass is attached at the end of the chord and it is allowed to fall from 
rest. If the weight falls 2:4 mis 5 s. What is the angular accelera- 
tion of the wheel ? Also find out the moment of inertia of the wheel. 
Solution. When the weight falls from B. to В’ by 24m,a 
point “А” on the string moves from A to A‘ by 24 m in 5s. 
Arc AA’ of the wheel, /=2'4 m 
radius of the wheel, r—0'4 m (OA—OA'—r) 
dz 
0— pa 76 rad. 
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AXIS . OF 


ROTATION 
OF WHEEL 


F = mg 
А Fig. 5.4. 
Now by 0= o1 wt? 
j 6—0x 54-195: 
6X2 
pios 
—048 rad s? 
Now moment of thc force i.e. torque, 


Ixa=F xr 


— 1225 kgm? 
Example 18. 4 grindstone is in the form of a flat circular disc 
of diameter 0'4 m and mass 14 kg. What constant torque should be 


applied so that it attains an angular velocity of 420 rpm in 10 s. What 
is the power at the end of this time ? 
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Solution. 


22 ( 420 


o=2nn=2x ^T Xl (=4 rad s^! 


By e—os--ot 
44=0+0x 10 
ф=44 rad s^? 
Now I—imr? 
- =2х14х (0:2)? 
4 =0'28 kgm? 
Here power, 
P— Torque x Angular Velocity 
—Ioxuo ] E 
=0°28 x 4:4 x 44 
б =54'208 watt. 

Example 19. 4 solid disc and a ring both of radius 14 cm are 
placed on a horizontal table simultaneously with initial angular speed 
15т 5—1. If coefficient of kinetic friction is 0°25 which of the two will 
start to roll earlier ? 


Solution. Frictional force accelerates the body from its initial 
linear zero velocity d 


z LE, amp _ 
Vi=0, and а m = 
The linear velocity of the body after the time 4° will be 
ор +аѓ 
vr—0-- 121. 
оа. f= рі 
Rolling will begin when angular velocity becomes 
vy 
= 
r 
о Et (1) 
et: 
Now Torque, Fxr—Io 
5 ELE ERE Р ...)2( 
" 1 1 


(Since frictional torque causes retardation in initial angular 
velocity) А 


<. By о=0о+ә 


BE = ور‎ РЫШТЫ [By Eqn. (1) and (2)] 
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Solving this eqn., we get 


Now for a ring, I=mr? 
Eqn. (3) becomes, 
mor 15 x14 


———Á———zl*‏ 10ے 
sb EE Jxo5xy gri?‏ 
For a disc, I—imr*‏ 
Баана M \‏ 
t= 3 "wg с ..[Eqn. (3))‏ 
150х014.‏ 1 
RDO a‏ 


Thus the disc begins to roll earlier than the ring. 
Example 20. A solid sphere of mass 6 kg and radius 5 cm 
rotating with initial angular speed of 120 rads * is placed lightly on 


a horizontal table, without any translational push. If coefficient of 
kinetic friction is 0*15, calculate 1 


(a) After how long does the sphere start rolling ? 


(b) What is the initial and final value of (i) translational energy 
(ii) rotational energy. 


(c) What is the loss of total energy? Where does this energy 
disappear ? 


Solution. (a) Proceed as in last example to get Eqn. (3) 


i= 2 
I mr 
BEE ( pru =) 
2 2 
For sphere r= mr 
ды 2_ wr 
L 17. peg 
2 120 x*05 
к= ЛИ MENS 50078 
=1°166s 
(b) (i) Initial translational energy, 
Ч Е,={}тн?=0 
Final translational energy 
-imyt 
—ixmx(urgty? | 


=}X6x (15x 9'8 xX 1°166) 
=8 8 J 
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(i) Initial rotational energy 


p dra 
Eo = leo 


zu 2» 2 2 
= (em vo 
= x 6x (05)? 120 


—432]J 
Final rotational energy, 


= X6x(15x9:8x 1'166)? 
—3:52)J 
(c) Initial total energy 


Finai total energy 
=E+E’ 
=8843'52 
=12°32 J 
Loss in Energy 
—(43:2—12:32) 
—30 88 J 
This loss of energy is dissipated against friction before rolling 
motion begins. f , 5 j 
Example 21. A ring, a cylinder and a sphere all of the same 
radiits and mass roll down inclined plane from the same height. Which 
of the three reaches the bottom (a) latest (b) ear liest. А 
Solution. By principle of conservation of energy (see Fig. 53 
_ on page 111). ; h 
mgh—— lett ти? 


Р а еи: 
ог meh=+( Tg time ) fk: а= 


iua : j 
or mgh=z” Atm) dig 
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“If ‘a’ is the acceleration of the body moving down the inclined 
plane by 


2aS =V} — У? 


_ V0 
= 2AB 
6 h 
vj? —2a. 5B— 2a. Sin' 


-. Eqn. (1) becomes 
ШУ 2аһ (+22) 


тен ѕіп Ө г? 


В тг? 
a—g sin 0 (3552) (2) 
Now fora ring, [= тг? 
By eqn. (2), 


а= sin 0 (4)=0'5 g sin Ө 
For a cylinder, I—imr? 


a—g sin 0 ($)=067 g sin 0 


‘For a sphere, = 2 


a=g sin 6 (5 )=07 g sin Ө 


(а) Since the value of acceleration down the inclined plane is 
minimum for ring, it will reach the bottom latest. 

(b) Since the value of acceleration. down the inclined plane is 
maximum for the sphere, it will reach the bottom earliest. 


Example 22. А cyclist is riding with a speed of 36 km/h. As 
she approaches a circular path of radius 50 m, she applies brakes and 
reduces her speed at a constant rate of 05 ms. What is the magni- 
Ma direction of the net acceleration of the cyclist on the circular. 
path}? 

Solution. Linear acceleration of cyclist a4,=0°5 ms 

5 
v=36 km/h=36 x 18^ 10 ms? 
and  r—50m 
v 
-. centripetal acceleration, йу 
10х10 
а= ox =0'2 ms? 


The direction ofa, is along the tangent of the circular pat 
and that of a; is along the radius of the circular path. So a, and th 
are at right angles to са other and hence net acceleration will bea 


10. 
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а= мазна 
=V 0502 
=0 539 ms? 
If direction of ‘a’ with a; is 0, then 
tan == =0 4 
1 
no 6—21:8? with the direction of velocity “ay. 
EXERCISE 5 


A body is rotating with an angular velocity of 6 rad. s *. After 

8 seconds, the angular velocity of the body becomes 70 rad Sl: 

Determine the angular acceleration of the body. 

What is the angular velocity in rad s7 of a flywheel making 

150 rpm ? 

A wheel rotating about a fixed axis at 30 rpm is uniformly 

accelerated for 50 s, during which it makes 40 revolutions. 

Find (a) angular velocity after this interval of time (b) time 

required for the speed to reach 80 revolutions per minute. 

A fly wheel starts rotating from rest and is given an accelera- 

tion of I5 rad s?. (а) Find the angular velocity and speed in 

rpm after 60 s. (b) If the flywheel is brought to rest with a’ 

uniform angular retardation of 05 rad”, determine the time 

taken by the flywheel to come to rest. 

The angle of rotation of a body is given by the equation 
0—13—41?--10t--5 

where @ is in radian and t is in second. Determine angular 

velocity and angular acceleration of the body at ;—0 and 

1==5 5. 

The spin drier of a washing machine revolving at 900 rpm 

slows down uniformly to 300 rps by making 50 revolutions. 

Find the angular accelaration and time required in the process. 

How many turns does a flywheel make in 5 5 from rest if it 

revolves with an angular acceleration of 20 rad 572. How many 

turns does it make during fifth second ? 

A flywheel 50 cmi in radius is rotating at 120 rpm. Calculaté 

(a) the angular velocity in rad s~* (b) the linear velocity of a 

point on its rim. Ke 

The angle 0 covered by a body is given by the equation 
8—814-5/0- 0 

Calculate the instantaneous angular velocity and angular 

acceleration at 1=3 5. 


. An automobile of mass 3000 kg has to make a turn on a 


circular path of radius 50 m. What centripetal acceleration 
and centripetal force act on the automobile if itis moving at 
a speed of 36 km h^! ? 


14. 


15. 


20. 


2 


22. 


23. 


A boy swings a pile of water in a vertical circle of radius 1 m. 
What is minimum number of revolutions per second if water 
does not spill out ? : 


A bend in a level road has a radius of 30 m. Find the maxi- 
mum speed which a car turning this bend may have without 


. skidding. The coefficient of kinetic friction between the car 


and road is 0775, 


The radius of a spherical.cage meant for motor-cycle feat in 
a circus is 8 m. Calculate the minimum Speed with which the 
motor-cyclist has to perform the feat without falling. 

What is the angular momentum ofa body of mass 0'5 kg 
moving in a horizontal circle .of radius 2m and making 
60 rpm ? 

A thin metal of hoop of radius 0:25 m and mass 3 kg starts 
from rest and rolls down an inclined plane. If the linear 


h. It circles the earth 


tripetal acceleration. 
A body of mass 0'5 kg is whirled ina cir 


A body of mass 2:5 kg is tied toa string of | 
revolved in a horizontal circle. Calculate 
String if the body makes 210 rpm. 


A string 1 m long is used to whirl ‘a body of mass 0:5 kg in a 
vertical circle. What is the tension in the String when the 
body is at the top of the circle moving with 5 ms— ? 
A string 1'5 m long is used to whirl a 1:5 kg body in a vertical 
circle so that its velocity „atthe top is 6 ms, what is the 
tension in the string when it is horizontal ? 
A body weighing 04 kg is whirled in a vertical circle making 
2 revolutions per second. If the radius of the circle is 1:2 m, 
find the tension in the string when the body is (a) at the top 
of the circle (b) at the bottom of the Circle. 
A body of mass 0:5 kg is whirled ina vertical circle by a 
string ! m long calculate the mini i 

€ bottom of the circle so that t 
when the body reaches at the top. 


ength 1*5 m and 
the tension in the . 


24. 
25. 


26. 
27. 
28. 


29. 


30. 


31. 


32. 


338 


34. 
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An aeroplane is travelling ata specd of 500 km h7 banks at . 
an angle of 30° as it takes a turn. What is the radius of the 
curve ? 


At what angle must a railway track with a bend of radius 
200 m be banked for the safe running of trains at a speed of 
36 km/h ? (Take g=10 11572). 

A train has to negotiate a curve of radius 400 m. By how 
much should the outer rail be raised with respect to the inner 


zail for speed of 48 km h`? The distance between the rails 
isl m. , ! 


A cyclist takes a turn round a circular road of radius 5 m with 
a speed of 9 km h-1. What is his inclination to the vertical ? 
(Take g—10 572). 

A solid sphere rolls down an inclined plane. Its mass is 
2 kg and radius is 0'1 m. If the height of the inclined plane 
is 3*5 m, what is its linear K.E. when it reaches the foot of the 
plane ? \ 
On the applications ofa constant torque, a wheel is turned 
peur ui ШО ап BE of 200 rad. in 8s. What is (a) its 
angular acceleration and (b) the angular velocit the wheel 
after 16 s from the start ? foro 
Starting from rest the flywheel of a motor attains an angular 
velocity of 60 rad 5! in 5s. What is (а) the angular AM. 
tion and (5) the angular displacement of the start ? 


A uniform circular disc of mass 1 kg and radius 01 m is acted 
upon byatorque comprising two equal and opposite forces 
applied tagentially to the rim from the extremities of a dia- 
meter. The disc is free to rotate about an axis passing 
through its centre and perpendicular to the plane of the disc. 
What should be the magnitude of the each force to produce an 
angular acceleration of 20 rad. 5727 What is the K.E. transfer- 
red to disc in 55? 

А cord is wound around the circumference of a wheel of 
diameter 0°3 m. The axis of the wheel is horizontal. A mass 
of 2'5 kg is attached at the end of the cord and it is allowed 
to fall from the rest. Ifthe weight falls 1:5 m in4 s, what i$ 


- (a) the angular acceleration of the wheel and (5) the moment of 


inertia of the wheel ? › 


A flywheel of mass 25 kg has a radius of 02 m. It is making 
240 rpm. What is the torque necessary to bring it to rest in 


20s? Ifthe torque is due toa force applied tagentially on 
the rim of the flywheel, what is the magnitude of the force ? 


A grind stone is in the form of a flat circular disc of diameter 
05m and mass 16kg. What constant torque should be 

. applied so that it attains an angular velocity of 120 rpm in 
8 8? What is the power at the end of this time ? ; 


120 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


What is moment of inertia of a sphere about an axis parallel 
to its diameter and at a distance R/2 from the diameter ? It is 
given that the moment of inertia about its any of the diameter 
is $ MR?, where.'M' is the mass ofthe sphere and ‘R’ its 
radius. . : 


The moment of inertia of a uniform rod of mass M and the 
length ‘7’ about an axis through its centre and perpendicular 
to the length of the rod is 4 M/?. Calculate the moment of 
inertia of the same rod about an axis through one end and 
Perpendicular to the length of the rod. 


A solid sphere of mass 32 kg rotates about an axis passing 
through its centre with angular speed of 50 rad 5-1. The radius 
of the sphere is 10 cm. What is the magnitude of rotational 
К.Е. and angular momentum ? 


An aircraft executes a horizontal loop at a speed of 900 km/h 
with its wings banked at 12°. What is the radius of the loop ? 


An aeroplane moving with a Speed of 630 km h“! has to: 
negotiate a turn of radius 15 km. At what angle the wings 
should be banked by pilot ? 


tonnes. What provides the centripetal force Tequired for this 
purpose ? What is the angle of banking Tequired to prevent 
wearing out of the rails ? 


A long playing record revolves with 4 speed of 21 rpm and a 
radius of 14cm. Two coins are Placed at 5cm and 10cm 
away from the centre of the record. If the coefficient of fric- 
tion between the coins and the record is 012, will both the 
coins revolve with the record ? 


A child stands at the centre of a turntable with his two arms 
outstretched. The turntable is set Totating with an angular 
Speed of 6 rad s7, (a) How much is the angular speed of the 
child if he folds his hands back and thereby reducing his . 


< 


45. 


46. 


47. 


48. 


49. 
50. 


51. 


32. 


' ted by its brake: 
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moment of inertia to 2 of its initial value. Assume that the 
turntable rotates without friction, (Б) Calculate also initial and 
final rotational K.E. if moment of inertia of turntable is 5 kg 
m*. How will you account in increase in K E. ? 


A student of 50 kg stands in contact against the wall of a 
cylindrical drum of radius 1'5 m rotating about its vertical 
axis with 120 rpm., The coefficient of friction between the 
wall and the cloth of the student is 0°20. What is the minimum 
speed of the cylinder to enable the student to remain struck to 
the wall without falling when the floor is suddenly removed ? 


А rope wound round a hollow cylinder of mass 4 kg and 
radius 32 cm is pulled by a force of 25 N. Whatis the linear 
acceleration of the rope ? 


A solid sphere and a ring both of radius 7 cm are placed on a 
Bozen CORSI with initial angular speed 10 
rad st. coefficient of kinetic friction is 0° i 

two will start to roll earlier ? OE ОЛКО dine 


A ring of таѕѕ.2 kg and radius 25 cm rotating with initial 
angular speed of 100 rad s * is placed gently or a Шы ДШ 
table without апу translational push. If coefficient of kinetic 
friction is 0°12, calculate 


(a) After how long docs tne ring starts rolling ? 


(b) What is the initial and final value of (i) translational 
energy (ii) rotational energy ? ? : 
(c) What is the loss of total energy and where does this energy 
dissipate ? 
If instead of ring in above question, we take a cylinder of mass 
10 kg and radius 20 cm rotating with initial angular speed of 
150 rad s1. Calculate (a), (b) and (c) in above Question No. 48 
[Take џь=0'20]. 
An automobile moves опа road with a speed of 45 km h7 
The mass and radius of the wheel (in the form of disc) is 20 kg 
and 0'4 m respectively. What is the average torque transmit- 
s to wheels if the vehicle is brought to rest in 
255? 
An aircraft executes.a horizontal loop of radius 2 km with a 
steady speed of 720 km/h. Compare „Ив centripetal accelera- 
tion with the acceleration due to gravity. 


A motor cyclist is driving witha speed of 54 km/h, As he 
approaches a circular path on the road of radius 90 m, һе 
applies the brakes and reduces his speed at the constant rate 
of 2:5 m/s. What is the magnitude and direction of the net 
acceleration of the motor-cyclist on the circular path ? 
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53. 


54. 


55. 


56. 


57. 


58. 


59/6 


60. 


61. 


f (a) force itself 


OBJECTIVE TYPE QUESTIONS 


A stone of mass ‘m’ is whirled in a verticle circle of radius ‘r’. 
If the speed of the stone and the tension in the string at the 
lowest point be v, and T, respectively, what is the net force at 
this point in the vertical downward direction 


(a) (mg-- TJ) (b) (mg— T1) 

2 2 
O (mern RE) а (љето) 
Moment of inertia can be taken as a 


(a) scaler quantity (b) vector quantity 
(c) neither vector nor scaler 


Moment of inertia of a body does not depend upon 


(a) its mass (b) its radius 

(c) its angular speed (d) position of axis of rotation. 
The rotational analogue of mass in linear motion is 

(a) moment of inertia (b) weight 

(c) angular momentum (d) mass itself. 


The rotational analogue of force in linear motion is 


(b) weight 
.(c) angular momentum (d) torque. 
If no torque acts ona body which is rotating, what physical 
quantity remains constant even if its angular speed changes 
(a) linear momentum (b) angular momentum 

(c) linear K.E. (d) angular K.E. 
A body with the moment of inertia 5 kg m? 


angular speed 4 rad s~! will has same K.E 
moving with a speed of 


(а) 4 ms (b) —2 ms 
(c) 2 ms? (d) 1 ms, 


A boy, comes runnin 
1s conserved 


(a) Linear К.Е. (b) Rotational K.E. 
(c) Linear momentum (d) Angular momentum, 


A particle movin 
leration which is 


(а) constant in ma 
(b) constant in m 
(c) varying in ma 
(d) varying in m 


and rotating with 
.as a mass 20 kg 


gand sits ona rotating platform. What 


g ina uniform circular motion has an acce- 


gnitude but directed toward the centre. 
agnitude but away from the centre. 

£nitude but towards the centre, 

agnitude but away from the centre. 

[B.H.U. 1983] 


62. 


63. 


' 64. 


65. 
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„А 1 kg stone at end of 1 m long string is whirled in a vertical 


circle witha constant speed of 4 ms. The tension in the 
string is 6 N when the stone is 
(а) at the top of the circle (b) at the bottom of the circle 


(c) half way down (d) none of the above. 
$ [Take g—10 ms] [B.H.U. 1983] 


\ Which of the following of same mass and radius has highest 


moment of inertia 
(a) disc (6) ring 
(c) rods forming a square (4) None. 

(—2r) [B.H.U. 1983] 
Which of the following "with the same mass has the highest 
moment of inertia about an axis passing through the centre of 
(а) a circular plate of radius ‘2 г? 
(b) a circular ring of radius ‘r’ 
(c) a sphere of radius 275 r? 
(d) a thin rod of length ‘2 г”. 
A stone of mass m is tied to a string of length L is rotated in 
a circle with a constant speed V. If the string is released the 
stone flies 
(a) radially outward + (b) radially inward 


(c) tangentially outward _ (4) with an acceleration 


66. The kinetic energy of rotation is given by 


(а) 3 m? (Б) + Iv? 
(ame (а) 4.10%. [C.P.M.T. 1988] 
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Gravitation 
IMPORTANT FORMULAE 
1. Newton's universal gravitational law : 
Fog es 
where 


F— Forcé of attraction 
mı and m,— mass of bodies 


x—Distance between their centres of mass. 

G=Gravitational const. 

—6:67 X 10! Nm?/kg? 

gravity 

f the earth, 
G.M. 

=: > 

M=Mass of the earth 


R=Radius of the earth 
(b) Inside the surface of the earth, 


2. Acceleration due to 
(a) At the Surface o 


g= + x GoR 
where Р —mean density of the earth. 
3. Gravitational field, 
_ G.M. 
== 
4. Gravitational P.E., 
GMm 
diag HRA 
5. Gravitational Potential, 
GM 


صل 


6. Orbital velocity, 


V= GM _ 7 mo 
NTR V ED 
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7. Escape velocity, 


8. Kepler’s law : 
T? 
аз = constant 


T=period of revolution of planet 
—mean distance of planet from the sun. 


9. Mass of a heavier body (around which a lighter body is 
revolving) 


M= 4n?/G x a3/T? 
10. Cavendish’s experiment, 


_ ar 
^ Mm * 


here —torsion const. of fibre 
` O—angle of twist of fibre 


Т= distance between each pair of heavy and 
light spheres. 


M=mass of heavy sphere 
m —mass of light sphere 
I—length of the rod. 
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SOLVED EXAMPLES 


Example 1. Calculate the gravitational force of attraction 
between the Sun and the Jupiter. The mass of the Sun and the Jupiter 
is 2X 10? kg and 2х 10% kg respectively and the mean distance bet- 
ween is 7:8x 100 m. 


Solution. By F=G EL 


-1 2X 108° 2x 1027 
z26* 11 
6°67 x10 (T8X 108 


=4°385 x 101? N. 
Example 2. Calculate the mass of the earth from the follow- 
ing data : 
£798 ms ^, 
R=6°38 х 10% m 
G=6°67 X 1031 Nm?[kg? 
7 [4.LS.S.E. 1982] 


Solution. By g= 


_ 98x (6:38 x 102 

| € 67x10 

=5°98 x 10" kg. 

Example 3. Compare the gravitational acceleration 

due to attraction of the sun with that due to attraction ieee 
Given that mass of sun—2X 10? kg, mass of moon—7 35x 10% kg, 
mean distance of the earth from the sun— [°5 x 10" т and the mean 
distance of the moon from the earth=3°85 x 108 m. 


Solution. The gravitational attraction between the sun and 
the earth, 
Mrz Ms 


MeX ge, s =G aS z 


Similarly the gravitational attraction between the earth and 
the moon, 


MEXE ws а Ma. 
X"E, m 


gE, в Ms XE, m ) 
ga, m -M x( XE, 8 

2x10% 385x108 \з 

= 735X102 ( 15x10" ) 


—1792. 
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Example 4. Assuming that a satellite is to orbit 300 km above 
the surface of the earth having radius 6400 km and mass 6x 10% kg, 
calculate the necessary speed with which is should be put in orbit. 
Also determine the period of revolution -of the satellite. 


Solution. By 


667x107? x6 x 1024 
(6400+300) 10? 
V=7°729 x 103 т? 
The circumference of the orbit, 
S= 2x (R+A) 


er 
=2 × 22. = (6400-4300) x 108 
—421:143x 105 m 


°. Time of revolution of the satellite around the earth, 


t=— 


V 
. 421143 x 105 
~ 7729x108 
—5449x10? s 
—90 min 49 s. 


Example 5. A satellite is raised to a height of 400 km. (а) 
What is the acceleration due to gravity at this Point? (b) With DEA 
velocity should this body be projected so that it describes а circle about 
the earth. 


(Radius of earth=6600 km, g—9'8 ms-? at the surface ofthe 


earth) [4.1.5.5.Е, 1986] 
3M1 
Solution. B 9м 
‚_ ом 
апа g= (RFA: XH 


t Rê 
=E RHF 

оз 6600 y 
=93( 00+400 ) 
=8`712 ms-? 
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Orbital velocity, Ыы 
V=V g RFA) 


=/ 8712 (6600+400) х 103 
=7:8 х 10° ms? 
3 =78 km 871. 
j Example 6. Prove that orbital velocity of a satellite revolving 
very near to the earth's surface iv V—«/ gR. [A4.L.S.S.E. 1988] 


Solution. A satellite will revolve i it, i 
centripetal force to revolve it in circular Orbit is Ec cw 
tation force of attraction between the satellite and the earth. a 
тү? _ Mm 5 
R a R2 ...)1( 
But weight of the satellite, 


Mm | 
mg = G R? E 02) 


Comparing eqn. (1) and (2), we have 
ту? 


Example 7. A projectile is projected vertic. 
the earth's eb with a eid of Te: How high viti рома ол 
the earth? (R=6400 km and g—9'8 ms”). 

Solution. Let the projectile be fired from the surface of earth 
witha velocity ‘v’ and rises in space to the height ‘x’. Then by 
principle of conservation of energy, 

d mv?--Uo—04-U 
[. Final velocity of projectile is zero] 


GMm 
or j те+(— ом"). E) 


x 
GMm (, Е 
y1 = —у (1 2) 
GM R 
or : w= S4 (i- x) -(0) 
But — p o -Q 


Dividing Ist eqn. by 2nd, we have 


9-0-8) 
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1 к) Le 
ve x 2gR 
; S MC) 
c ENS 2gR 
ане шр 7 
KE 2x9:8x64x10* 
R h 
uw 7099 
. з ARIS 16400004, oc: 
| e х= 992 = 0-997 —0451'6 km. 


| Example 8. Find the escape velocity on a planet whose diameter 
is l'5ltimes earth's diameter and mass is also I5 times the mass of 
the earth. If the maximum temperature on the planet is 800 K, deduce 
whether oxygen gas molecules would be available on the planet. (Given 
mass of oxygen molecule=5°3 x 10-36 kg.) 


(Roorkee Ent. Exam. 198. 
Solution. Escape velocity on the planet, í 


A л/ 2G (1:5 Me) 
ta (5 Rs) 


е 
= Escape velocity on earth 
11716 km s~ 
The velocity of oxygen gas molecules at the planet, 
| 3RT 
| Crm = Nm 


| 3x83x800 


6023x102 x 53x 10-26 
—24:98 ms 1—0/25 km s^? i 
les will be available on the planet as 
n pr yy а molecules is less than the value of 
the velocity 71) on the planet. 


city (11°16 km $ 
EE d d Compare the period of rotation of planet Mars 
| about the Sun with that of the earth around й. The mean distance of 
the Mars from the Sun is Г52 А 
Solution. We know 


& is same ‘ог all planets. 
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EE 
Te Tm? 


inl (кайр 

ag Тв / \ак 
Т» (аһ V соь 
ыч [ы 

=1°874: 1. 

Example 10. What is the gravitational potential and. gravita- 
tional potential energy of a body of 0:2 kg at a height 1600 km above 
the surface of the earth. (G—6:67 X I0? Nm*|kg?, mass of the earth 
—6x 10% kg and radius of the earth=6400 km). 

Solution. Gravitational potential, 

mE М Мм. 
(RFA) 
_ _6 67× 10711 x 6 x 1024 
(6400-1600) 10° 
—5x10'Jkg^? 
`. Gravitational potential energy, 
GMm 


—5x10'x'2 
=10' J. 

Example 11. The escape velocity of a projectile on Port , 
surface is 12 kms. A body projected from the earth's ЖО 
reaches far away from the earth i.e. at infinity with a velocity of 19:4 
km s, With what velocity the body was projected 1 

Solution. If ‘u,’ is the velocity of projection of the body and 
‘y’ its’ velocity at infinity, by principle of conservation of energy, 


ime (ow e mvi--0 


But _ 7# ۾‎ m v, where v, is the escape velocity 
of 
$ mvo? —} mv =k то? u 
у v= v. +0," 
—Vi9annia 
—224 km s. 


Example 12. Jf the earth completes i. ion ii P 

x pletes its one revolution in 365°25 

zn dead around the sun in a circular orbit of radius 15 x 100 m, 
ate the mass of the sun. (Given G=6'67 х 10 Nm?3/kg?), 
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Solution. Mass of the sun, 
4x7 a 
М СШ E 
4x (3°14)? (1:5 x 1023 
6:67 x10? (365/25 × 24 x 60 x 60)? 
—2x 10? kg. 

Example 13. 4 satellite orbits the earth at a height of 402 
km above the surface. How much energy must be expanded to rocket 
the satellite out of the earth’s gravitattonal field. (Given mass of the 
satellite 200 kg, mass of the earth—6:0x 10* kg, G—6:67 x 103 
Nm?/kg* and radius of the earth —6:4 x 10° т). 

‘Solution. The orbital velocity of a satellite is given by 

GM 


"= V +h) 
7. K.E. of the satellite, orbiting around the earth, 
Ee=ğ} т 
c .SM. 
URED -@) 
+ X200x 6°67 1072 x 6х 1024 
(64-4) x 10% 
—5'9x 10? J. 
Gravitational potential energy of the satellite at this height, 
BEo-— GMm 
? (R+A) 
——2E» E 
——2x59x10* [Eqn. (0] 
=—11°8X10°J = 
Total energy of the satellite, 
E=E3+E, 
=(5°9—11°8) x 10° J 
=—5°9xX10° J. 


So the energy expanded to rocket the satellite out of the earth’s 
gravitational field— 5'9 x 10° J. 

Example 14. А rocket is fired from the earth towards the зип. 
At what point on its path is the gravitational force on the rocket is 
zere ? (Given mass of the sun=2. x10” kg, mass of the earth—6 x 10% 
kg and orbital radius= 1'5 x 10 m). Neglect the effect of the other 
Plagets etc. 


Solution. Let a point x metre away from the earth’s Surface 
the gravitational force on the rocket is zéro. Then 2: 
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Gravitational pull due to earth on the rocket 
— Gravitational ptill due to sun on the rocket 


GM.m _GM.m 


z where R=orbital radius 


x? ~ (R—x) 
Ry Me 
55 = м, 
210% 
. 6x10 
(2 "T ) VIB 
x 
(2-1 )= 5717:35 
x 
R 578-35 
x 


O R 15x10 y zy 
SES HO 259X1U m 
Example 15. Three mass points each of mass m are placed 
at the vertices of an equilateral triangle of side *P. What is the 
gravitational field and potential due to three masses at the centroid 
of the triangle. 


Solution. 


(9 D B 
Fig. 62. 
Since in the above figure, 
AB=BC=CA=/ 


. Now centroid “С” divides each median AB, BC and CA in the 
ratio 2:1. So if FG—x, then AG=2x. 
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In rt. < AAFG, 


AG?=AF?+FG? 
{2x)= (+) Tx 
duce Е 
= 
PDT UR 
243 
AG=BG=CG=2x 
E 1 
7243 43 


-. The magnitude of gravitational field at G due to each of 
mass *m' at each of the three vertex A, B and C will be, 
PE Gina | 
(/ 43) 
3 Ст 
Say each along GA, GB and GC 


Evidently the resultant of these three equal fields inclined at 
equal angles with each other will be zero. 
Resultant gravitational field at G=0. | 
Total gravitational potential at G due to the mass ‘wm’ at each 
vertex at A, B and C will be 


-—3«3 1 


Example 16. Two spheres one of mass 100 kg and the other 
of 50 kg are placed 1 m apart on a horizontal table. What is the 
gravitational field and potential at a point 0`4 m away from 50 kg on 
the line joining the centre of the two spheres. 

Solution. Given BP—0'4 m 

E AP—1—04 

=06m 


100 Kg 
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Gravitational field at P due to sphere at A, 
Gm 
Ag 
6:67 x 10711 x 100 
E 
> 
=1°85 x 10-8 ms” along PA 
and field at P due to sphere at B, 
_ 667×107 x 50 
dk eyed 


> 
=2'08 x 107? ms~ along PB 
Resultant gravitational field at P, . 
/=Һ-—Л 
—(2:08—1:85) 10-8 ms"? 


a 
=0'23x 1078 ms” along PB / 
Gravitational potential at P. due to masses at A and B will be 


Gm 
В; керт 
y 29 
v= 667x101x100 6:67 X 107" x 50 
0:6 7 0:4 


=— 11116x 10-°— 8-337 x 19-2 
——19453x 107? J үр-1, 

Example 17. Light from a massive star suffers gravitational 
red shift (a) Derive a formula for red shift. (b) Estimate the magni- 
tude of the red shift for light of wavelength 5000 A for a star of mass 
10% kg and radius 10° km. (Given G—6:67 x 10-1 Nm?[kg? and 
c=3 X 108 ms). 

Solution. (a) Dueto gravitational attraction of the star, 
the wavelength of the light emitted by star changes toward the red 
end. Ifa photon of energy E=Av and mass *m' is emitted by star, 
its new energy ʻE” due to gravitational attraction will be given by 


Е'=Е+ф 
where $ (gravitational potential energy of photon near star) 
GMm 
and ф=— R 
Now energy of photon, 
mc = hv 
hv 
mot 
GM hy 


R @ 


and 


or 


or 
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E’=hy' 
А GM n 
иш R c 
o _ GM 
a Ri (1 = 
AE ( 18M 
PHA Re? ) 
, GM\ 
VHA ( GNO 
! a) 
, G 
A'—A ( 1+ 2 ) (by Binomial theorem) 
.'; Red shift (/—3) 48M 
ed shift (A’—A) Re 
4 AGM 
(6) Red shift =20M 


— (5600) (667 x 10-4) (1022) 
(10*)(3 x 108) 
=0'37 А. 


EXERCISE 6 


. Compute the gravitational force of attraction between two 


10 kg balls 1 m apart. (G—6:67X 10"? Nm?/kg?). 
[4.LS.S.E. 1983] 


. The mass of the planet Mars is 637 X 10? kg and that of the 


sun is 2X 103° kg. The mean distance of the sun from 
is 2228 X 10?! m. М? 
(a) Calculate the gravitational force which the sun exerts on 
Mars. - 
(b) Assuming the Mars moves in a circular orbit. ari 
sun, calculate the speed of Mars. nc 


. Calculate the value of radius of the earth from the followin, 


data: —(Given-++Mass of the earth—6X 10% kg, G—6:67 x 10-11 

Nmi/kg* and g—9'8 ms *. 

The radius of the moon is 1°7X10° m and its mass is 
735 x 10?? kg. 

(a) What is the acceleration due to gravity on the surface of 
the moon? 

(b) Calculate the escape velocity from its surface, 


.. The mass of Mars іп 0:1065 times the mass of the earth. The 


diameter of Mars is 6'880X10* im and that. of earth is 
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ос 


10. 


11. 


13. 


12:800 x 10° m. Calculate the value of acceleration due to 
gravity of Mars if g on earth is 9'8 ms~. 


. A satellite revolves around a planet mercury in an orbit just 


above the surface of the planet. Taking G—6:67x 10-11 Nm? 
kg? and mean density of planet—5:4x 103 kg m7, find the 
period of the satellite. [H.P.S.S.E. 1988} 
A body is raised to a height of 500 km. What is the accele- 
ration due to gravity at this point? With what velocity 
should this body be projected so that it describes circle about 
the earth ? (Radius of the earth—6500 km, g=9'8 ms7?). 
What will be the period of revolution of the body about the 
earth ? ПІТ. J.E.E. 1985] 


. Calculate the escape velocity for an atmospheric particle 1000 


km above the earth’s surface. Radius of the earth=6°4 x 10* 
m, ‘g’ on the surface of the earth--9:8 ms. 


[Indian School Certificate Exam. 1978) 


- Calculate the mass of the moon, given that the gravitational 


constant G—6:67X 10" Nm?/kg?. the radius of the moon 
R=1°7x 10% m and the acceleration due to gravity g=1°7 572. 
What is the minimum velocity a satellite should have in order 
to pursue a suitable orbit? (Assume g—10 ms-? and radius 
of the еагіһ=6'4 х 10* km). [4.I.S.S.E. 1980) 
Calculate the value of escape velocity on the surface of the 
earth. Given g—9'8 ms and the radius of the earth—6400 
km. [D.S.S.E. 1982 ; A.I.S.S.E. 1984) 


- If the escape velocity from the surface of earth is 11:3 km/s, 


find escape velocity from the surface of another heavenly 

body whose mass and diameter are twice to that of earth. 3 
(D.S.S.E. 1981, 1985 

Assuming that a satellite is to orbit 350 km above the surface 

of the earth : 

(a) Calculate the necessary speed with which it should be put 


in orbit. (Radius of earth= 6400 km, mass of the earth 
—6X 10% kg.) 


° (b) Also determine the period of revolution of the satellite. 


15. 


16. 


- Тһе moon's radius is 27% of earth's radius and its mass is 


12% of the earth's mass. What will be the weight of the 
body at the moon if its weight on the earth is 70 kg ? 


How many revolutions per day should the earth make in order 


that the weight of the body at the earth may become zero 
(g at earth —9'8 ms”) ? 


The mean distance of Mars from Sun is 1:524 times the 


distance of the earth f; t i 
EONO Mare. тот the sun. Calculate the period of 


17. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 
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Calculate the value of g at ona hypothetical planet whose 
mass and radius both are one-third of the earth. (Value of g 
at earth=9'8 ms ?). 

A satellite is to be put into orbit around the moon just above 
its surface. Assuming that the moon’s radius is half that of 
the earth and that the acceleration due to gravity is one-sixth 
of that exists at the earth, find the speed of the satellite. 


Calculate the value of acceleration due to gravity and escape 
velocity on lunar surface. Given that mean density of the 
moon==3340 kg т; radius of moon—0 27 x 6371 x 10° m and 
G—667x107? Nm?/kg’. [M.A.M.C. 1982] 


Orbital period of moon is 273 days and its orbital radius is 
3°85 x 108 m, find the mass of the earth. 
Taking moon's period of revolution about the earth as 30 days 
(and neglecting the effect of sun andthe other planets on its 
motion), calculate its distance from the earth. (Given G— 
6°67 x 10-2 Nm?/kg? and mass of the earth—6 х 10% kg). 
[Roorkee Engg. Ent, Exam. 1984] 
With how much velocity a body must be projected vertically 
upward from earth's surface to reach a height 8 times the 
radius of the earth? (g—9'8 ms^?, R=6'4 x 10° m) 
Calculate the period of revolution of Neptune around the sun 
given that the diameter of its orbit is 30 times the diameter 
of the earth's orbit around the sun, boththe orbits being 
assumed to be circular. 


Calculate the mass of the sun, given that thc distance 
sun and the earth is 1'5 x 10%m, G—6:67x 107! Nm 
one year=365 days. 

A satellite goes around the earth in 90 minute in a circular 
orbit. Calculate the height of the satellite above the surface 
of the earth, taking the earth to be a sphere of radius 6370 


km. The value of g at the orbit of the satellite=9°83 m-?. 
[D.S S.E. 1984} 


between 
2/kg? and 


How long will the earth take to rotate about the sun, if its 
distance becomes half the present distance from the sun ? 

Compare the period of rotation of Jupiter about sun with that 
of earth. The mean distance of Jupiter from the sun is 52 


AU 


What is the gravitational potential and gravitational potential 


energy of a body of mass 5 kg ata height of 300 km above 
the Surface ofthe earth ? (G—6:67x 107! Nm?/kg* ; mass of 
the earth —6 x 10% kg and radius of the earth—6'37 x 109 m). 


A body is projected out with a speed of 20 km” from thi 
surface of the earth. , What is the speed of the body far asy, 
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30. 


31. 


32, 


33. 


34. 


55 


36. 


Bie 


38. 


from the earth. The escape velocity of a projectile from the 
surface of the earth is 11 km s7. i 


If a body projected with a speed of 25 km s-! from the surface 
of the earth reaches at infinite distance with a speed of 22:35 


kms". What is the escape velocity of the body at the earth’s 
surface ? 


A body projected from the surface of earth reaches at infinite 
distance with a speed of 15 km 5-1 If the escape velocity of 
the body at the surface of earth is 11:2 km s 1. Calculate the 
velocity with which the body was projected ? 


The radius of the moon is about 027 times that of the earth 
and the mass of the moon is about 0°0127 times the mass of 


the earth. What is the value of acceleration due to gravity at 
moon if its value at earth is 9°8 ms? ? 


The mean distance of ет еагіһ from the suh is [5x 10! m 


and its period of revolution around the sun is 365/25 days. 
If the distance of planets Mars and Venus from the sun is 
2:28X10? m and 108x108 m 


respectively, calculate their 
period of revolution round the sun. p Y 

The mean distance of the earth from the sun is 1°5х 10" m 
and its period of revolution around the sun is 365'25 days. 
If period of revolution of Jupiter and Saturn around the sun 


is 4333 days and 10760 days respectively, calculate their mean 
distance from the sun. 


In an experiment using the cavandish balance, the smaller 
spheres have a mass 10 g each and the larger spheres have a 
mass 6 kg each. The length of the rod is 1 m and the distance 
between the -centre of each pair is 12cm. Ifthe angle of 
twist of the fibre is 0°437°, calculate the value of gravitational 


constant. (Given torsion constant of the fibre is 3:50x 1078 
Nm rad-?). 


The peak of a hill is 3200 m above sea level. . Calculate the 
value of acceleration due to gravity at this height, given that 


value of ‘g’ at earth is 9:8 ms-?. (Take radius of earth 
—6400 km). 


The satellite revolves in a circular orbit at a height of 630 km 
about the earth's surface. What is (a) the orbital velocity and 
(b) period of revolution of the satellite ? (Given that the 
Tadius of the earth 6:370x10* m and acceleration due to 
gravity on the surface of the earth is 9:8 ms-?). 
ae E ke On the surface of the earth. What is the 
E ce on it A z 
third the radius of the mue to the earth at a height to one 


39. 


40. 


Al. 


42. 


43. 


45. 


46. 


47. 


48. 


49. 
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A man weighs 60 kg on the surface of theearth. What will 
be his weight at a height equal to the radius of the earth from 
its surface ? 

A pluto year is 247 times the earth. How far is the pluto 


from the sun if the earth is 1°496x108 km away from the 
sun ? 


A projectile is fired upward with a speed of 8 km s7". How 


‘high will it rise above the earth ? (Radius of the earth—6400 
km and 2—9'8 ms~), 


A rocket is fired vertically with a speed 4 kms? from the 
earth’s surface. How far from the earth does the rocket go 
before returning to the earth ? (Mass of the earth—6'0 x 10% 
kg, mean radius of the earth—6'4x10* m G—667x 10 
Nm?/kg?). 

If a body is projected vertically upwards from the earth's 
surface to reach a height equalto ten times the radius of the 
earth, with what velocity the body should be projected ? 
(К=6'0 х 10° m and g—98 ms ?). 

Assuming the earth to be a Sphere of uniform density, how 
much would a body weigh one-fourth way down to the centre 
of the earth, if it weighed 24 kg on the surface. 


A satellite of mass 200 kg orbits the earth at a height of 430 
km from itssurface. Calculate its (а) kinetic energy, (b) 
potential energy and (c) the total energy. (Given mass of the 


earth—6:0x 10% kg, radius of the earth—6:37x 105 т and 
G--6:67 x 1071 m). 


A satellite of mass 400 kg orbits ata height of 330 km from 
the surface of the earth around it. If the value of acceleration 
due to gravity at this height is 9'8 ms 2, calculate the satellite's 
(a) kinetic energy (b) potential energy And (c) total energy. 
(Given the radius of the earth —6:37 X 10° m). 


A rocket is fired vertically from the surface of Mars with a 
speed of 3 Кт 571. If 25% of its initial energy is lost due to 
atmospheric resistance, how far will the rocket go from the 
surface of Mars before returning to it ? (Given mass of Mars 
—6:4X 10*3 kg, radius of Mars—3395 km and G—6:67x 10 
Nm?/kg?). З 
А ti d from the earth towards the moon. At what 
DH Ke = ied a the gravitational force on the rocket Zero. 
(It is the point where the rocket will be weightless). Given 
mass of the earth=6 x 10% kg, mass of the moon=7'36 x 10! 
kg and orbital radius of the moon=3°85 X 108 m). 

Four mass points each of mass ‘m°’ are placed at the vertices 


of a square of side ‘P. What is the gravitational field and 
potential at the centre of the square due to the four masses ? 
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50. 


51. 


52. 


53. 


54. 


55. 


56. 


97. 


58. 


Two heavy spheres each of mass 20 kg are placed 0'4 m apart 
ona horizontal table. Whatis the gravitational field and 
potential at the mid-point of the line joining the centre of 
spheres ? 


Two spheres one of mass 60 kg and the other 40 kg are placed 
80 cm apart from each other on a horizontal table. What is the 
gravitation field and potential at a point 60 cm away from 60 
kg on the line joining the centre of the two spheres ? 

Light from the sun suffers a red shift. Estimate the magnitude 
of the red shift for light of wavelength 4500 A from the sun. 
(Given mass of the sun=2 x 10° kg, radius of the sun—7 x 108 
m, G—667 x 107 Nm/kg? and c=3 x 108 1571). 


Calculate the height of a artificial satellite moving in a circular 
orbit if it is always above a certain place on the earth's surface: 
Take a radius of the earth— 6370 km. 

OBJECTIVE TYPE QUESTIONS 


The омаре velocity of а projectile.from the earth is approxi- 
mately : 


(a) 7 km/s (b) 11:2 km/s 
(c) 1°1 km/s (d) 112 km/s [С.Р.М.Т. 1982} 


A satellite goes round the earth along a circular path of radius 
The orbital velocity of satellite is 2 


EE Ша 
o ү ө №5“ 
© Sf (d) gR 


According to Keplar's law of period, the following is same for 
all planets 


@ ج‎ e) = 
а? аз 
(с) T (d) те 


Weightlessness is experienced while orbiting the earth in a 
spaceship as the result of 


(a) acceleration (b) inertia 
(c) zero gravity (d) centre of gravity 
[C.P.M.T. 82, 83) 


satellite in a circular orbit of radius R is T. 
another satellite in a circular orbit of radius 


The period of a 
The period of 
4Ris 


(a) T/4 
(c) 2T (5) T/2 


60. 


61. 


62.. 


63. 


64. 


65. 


66. 
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If V, and V, denote the escape velocity and orbital velocity of 
a satellite corresponding to a circular orbit of radius R, then . 


У, 
(а) V«— V, ® v= 35 
(c) Ve= 42V, (d) У, and Vo are not related. 
[B.H U. 1983] 


Digging a tunnel along the diameter of the earth and dropping 
a body into the tunnel will result that the body will 

(a) stop at the centre of the earth 

(b) reach the other end of the tunnel 

(c) oscillate about its centre. 

(d) will fly away through the other end of the tunnel. 

Grevitationgl potential and gravitational intensity aze respec- 
ively 

(a) Scaler and Vector (b) Vector and Scaler 

(c) Scaler and Scaler (d) Vector and Vector. 


A body jumps a distance 6 m at the surface of the earth. 
What distance can be jump safely at the surface ‘of the moon? 


(a) 36m (b 12m 

(c) 6m (d) 1m. 

The earth shrinks to half of its radius. Your weight will 
(a) become double (b) become four-times 


(c) decrease to one-half (d) decreases to one-fourth. 


The acceleration due to gravity: at a distance ‘x’ from the centre 
of the earth (x > radius of the earth), varies as 


(a) ge + (Оу дез 
1 
© £272 (d £ x 
If the earth contracts to half of its radius, the duration of the 
day will be ` 
(а) 24 hrs (b) 12 hrs 
(c) 6 hrs (d) 48 hrs. 


When the speed of rotation of the earth decreases, the weight 


of the body 
(a) increases (b) decreases 
(c) remains the same (d) none of them. 


00 


7 
Molecules . 


IMPORTANT FORMULAE 


l. Law of Definite Proportions (Compositions) : Whenever a 
Particular compound js formed, the mass of one element 


Tequired to combine with the fixed mass of the other is always 
the same. 


quantities of one element that combines with a fixed quantity 
of the other element are in the ratio of small integers. 


3. Avogadro’s number, 
NM . M=Molecular weight 


m ' m=Absolute mass of a molecule 
4. Graham’s law 


non М. 
Py 


ra M, 
Fi» Та==таїе of diffusion, p,, p. —densit = 
OH з Pi, Р; nsity, M}, M, Molecular 
5. Atomic mass — 6+ 


Specific heat 
6. The energy of an a- 
foi 


Particle scattered at an angle of 180° 
oil, 


by a 
Е 2kze* 
To 
k=9x 10° Nm*/coulomb? 
' z—Atomic No. of atom in the foil 
€— Charge on an electron 1*6 x 10719; 


Го=тайіі of nuclei of atoms in the foil or distance 
of the nearest approach 


Radius of a nucleus of an element, 
7—ro^$; ro— radius of nucleus of H, 
=1°2х 10715 m 
A=Mass number of element 


te 
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8. Thermal velocity (r.m.s. velocity) of a gas molecule, 
с=\/ ЗЕТ k-—Boltzmann's Constant 
m =1°38 X 1073 J/°k 
T=Absolute temp. 
m=Absolute mass of a molecule 
“ 

9. The amount of any substance that contains 6023 x 10% 
E of atoms, molecules, ions, charge or particle is called 
mole=gm. mole— gm. molecular mass—6:023 x 10% molecules 
moles E. atom=gm atomic mass— 6:023 x 1023 atoms. 

22:4 litre of every gas contains 6:023 x 1023 molecules. 
SOLVED EXAMPLES 
Example 1. Calculate the root - 
pended molecules in Brown an motion if. Pic TEC HE ра) e x 
jay rene of the liquid is 27°С. (Boltzmann’s constant—1:38 x 107 


Це Solution, k—1:38x 10—28 J/°x, T=273-+27=300 K, m=10~° 
So the root mean square (r.m.s.) speed of the molecule. 


c=4/ 3KT 

m 

у 221201039300 
= 10-* 


=1°1 x 107" ms! 
Example 2. Calculate the nuclear radius of 801%, 
Solution. We know re=1'2X 10715 m and A=16 
ч т=җ At 
=1'2x 10-5 16% 
—12x1075x252 
—3'024x 107* m 
Example 3. Calculate the radius of gold nucleus if an a-parti- 
cle of energy 5 MeV strikes the nucleus and get scattered through an - 
angle of 180°. ( 
Solution. k=9x 10° Nm?/coulomb® 
z=79, e=1°6 x 107" coulomb 
E=5 Me¥=5X 16x 10-1 J=8x 19-13 y 
-. By ا‎ 
To 
2kze* 
.E 


= 
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_ 2<9 x 10° x 79x (1:6 x 10719)? 
"M 8x 10-13 
=455x 10 1* m. 


Example 4. Under similar conditions of experiments, the rate 
‘of diffusion of hydrogen and the other gas are found to be 287 
<.с. 8 and 72 с.с. =. Identify the gas. 


Solution. E 
Ta Mı 
M,=Molecular wt of H5—1x2—2 g 
` 3s 287 . SM 
ye TP 2 
: 287 y 
М,=4х (72 ) 
М,=31:78 g 
The other gas is oxygen. 


Example 5. 16 ml of H, diffused in 30 5. What will be the 
` volume of SO; gas diffused in the same time ? 


Solution. M,=Molecular mass of H;—2x1—2 


M » » 50,=32+2х16=64 
If volume of SO, diffused is V ml, 
AQ Ma 
By T M; 
16/30  /64 
ү]30 — 2 
l6 8 
IV v2 
у ya 16429 x 1:414 
—2:828 ml 
Example 6. Calculate the total number of electrons present 
in I'6 g of methane. [J.E.E. 1976] 
Solution, Molecular formula of methane CH 
» mass » » =16 
16 g of methane contains 6:023 x 10 molecular 
K6g AAD —6023x тоз 16 


| Т 
=6'023 x 10° molecules 

роза umber of electrons in one molecule of methane=10 

-. No. of electrons in 1:6 8 of methane 
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=10х 6*023 x 10 
= 6'023 x 10% electrons 


Example 7. Carbon and oxygen are known to form two com- 
pounds. The carbon content in one compound is 4297, and in other 


273%. Show that these data are in agreement with law of multiple 
Proportion. 


Solution. Let us fix the mass of carbon—1 g 
In first compound, 0,—100—42:9—57:192 (say) 
42:9 g carbon combine with 57:1 g Оз 
1 g carbon combine with 5180 =1'33 g О, 


In second compound, 0,=100—27:3=72:7%, 
`. 27:3 g carbon combine with 7277 g O, 


`. 1 в carbon combine with = LEE 2166 gO, 
.'. The ratio of oxygen in two compounds 
=1°33 : 2766-1 : 2. 


So the given data are in agreement with law of multiple pro- 
portions. 


. Example 8. Two samples of ZnCl, are prepared by a scientist 
Ist sample contains 7g zinc in 127 g of ZnCl, 
2nd sample contains 9°5 g zinc in 19'2 g of ZnCl, 

* Establish law of constant proportion. 
Solution. 1st Case : { 
12:7 g ZnCl, contains 7 g Zn 


7 
100 g ZnCl, contains = 177 Хх 100=55°12% Zn 


2nd Case : 
19:2 g ZnCl, contains 9'5 g Zn 


9:5 T J 
7. 100 g ZnCl, contains—-15.7 x100=55:22% Zn. 


The fixed percentage of Zn is, there in ZnCl, in each case, 
proving the law of constant proportions. 


Example 9. 1:375 g cuperic oxide was redueed to give 1'098 g 
"Cu. In anot a experiment 1:179 g of Cu was dissolved in nitric acid 
and copper nitrate is heated to give 1476 g CuO. Show these results 
dllustrate law of constant proportions. 
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Solution. 

Wt. of Cu Wt. of CuO % of Cu ; 
T : 1:098 — "79:850 
1:098 1:375 T1375 x100—79:8595 
: ; _ 1179 ЖЕЕ 
1179 1:476 E —lT4176 х 100=79'87% 


The constant percentage of Cu in these in CuO in both the 
cases, proving the law of constant proportions. 
Example 10. Calculate mass of carbon atom. 
Solution. We know atomic mass of carbon 
=12'00 amu. 
gm atomic mass=12700 g 
"7 mass of 6'023 x 10% atoms of carbon 
=12 g 
mass of 1 atom of carbon 
12 
=5023x 102 7199X 10-23 g 
Example 11. Calculate the number of atoms present in: 
(i) 1:792 107* g of silver, (ii) 0002 mole of sodium 
(Given Ag=107°87, Na=23) 
Solution. 
(i) 107:87 g Ag сопіаіпѕ= 6:023 x 103 atom 
_ 67023 x 1028 
— 107°87 
1'792x 10+ g Ag contains = 902% 10° 1792x 107 
—10!* atoms 
(ii) 1 mole of Sodium contains 
=6'023 X 107? -atoms 
0:002 mole of sodium contains— 6:023 x 0:002 x 108 
=12046 x 10” atoms. 


Example 12. Calculate the mass of I molecule of Benzene 
(CH) 


1 g Ag contains 


Given mass of C =12'01 g 
mass of Н —I'008g 
Solution, н 


` 


Molecular mass of benzene (C,H,) 


76x 1201-6 x 1'008 
—781lg 
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Now 6:023 x 10" molecules of Benzene has а mass—7811 g 
—. 7811 
1 molecule of Benzene has a mass— 6023x108 
=12:978 x 10™ g 
Example 13. The specific heat at constant volume of a certain 
metal is approximately 0°33 cal g* °C™. Write the chemical formula 
of its chloride if it contains 0°390 fraction of the metal. 


Solution. Atomic mass= d 
Sp. heat 
ACs 
` p 54 


Now (1—07390)—0:710 chlorine combines with 0:390 metal 
*, 355 chlorine will combine the metal 
— 35°5 x 0:390 
0:710 


4 

.. VWalency of the metal= org =1 
Chemical formula of the chloride=MCI. 

Example 14. Haemocyanin has a. density of 1°35 е узу: 
a suspension of haemocyanin in water, the sedimentation constant is 
formed to be 17'4Х 1071 in the useful units. If viscosity of water at 
the experimental temperature be 1 centipoise, calculate the particle 
radius and molecular mass of haemocyanin. 

Solution. Sedimentation constant, 

S=174x 10" 
n=1 C Poise=10 Poise, p (density of haemocyanin) 
=1°35 g cm'?, 
po (density of water)—1 g cm? 
ےی‎ 2. Ti (PP) 
Now 9 7 1 
1:35— 1) 
174х107 S. а CD. 
On solving it, г=4:73 x 1077 cm 
gm. molecular mass— mass of one molecule x N 
= fer pxN 


at x Fx (673% 107) x 35x 6023 x 108 


=3'606x 10° g 
Example 15. Polymethyl methacrylate resin is soluble in 
chloroform. For these solutions the constant К and a аге respectively 
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:3:3 x 107% and 0°85. Calculate the molecular mass of the resin ifa 
solution of 2'5 g of it in 1 litre has a specific viscosity of 0:11. 
Solution. If the solution is sufficiently dilute, 


ЧЁ 
kM?*— С 


E 011 
. e Moss 9 151 
3:3x107* M ps 
011 
0۰85 ш 
35x53 
or М°'%5— 13333 
2 0:85 log M—log (13333) 


x10? 


1 pn 


Bu M=Anti log (4:8528) 
=71250. 


Example 16. In ап experiment of Brownian motion using a 
torsion pendulum (a small mirror of area 1 mm? mounted on a thin 
torsion fibre with torsion constant=1'8 X 107? J[rad*) the mean value 
of angular displacement 8 was found to be nearly zero and the fluctua- 
tion in 0, that is mean square of 0 was found to be 2'6X107* rad}, 
Estimate the yalue of Boltzmann constant from this data and compare 
it with the correct value. The-temperature is 300 K. 


Solution. The mean energy required for angular displace- 
ment of torsion fibre required 


T a KT 
ag? 
ET 
— 1'8x 10727 x2:6x 10-4 


300 
=1°56X 107? J/k 
The more accurate value of Boltzmann’s constant is 
1°38 x 1077? J/k. 


Example 17. The latent heat of vaporization for water is 22°6 
J/kg. Calculate the intermolecular binding energy, 


Solution. Molecular mass of water=18 
Since kg molecular mass has 6'023 Х 10** molecules 
In 18 kg of water, No. of molecules=6'023 x 1038 
In 1 kg of water, No. of molecules, N- 502. xX 10% 


=0'3346 x 106 


x 105 
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.. The energy required to unbound N molecules in 1 kg of 
water =22°6x10°J 
_ 226x108 V 
16x 10719 
—14:125x 10° eV 
Intermolecular binding energy | 
—_14'125x 10% 
0°3346 x 10% 
=0`422 eV. 

Example 18. The ionization energy of sodium is 5'1 eV and 
the electron affinity for chlorine is 3'6 eV. What- is the amount of 
energy required to form Nat and CI- ions ? How close must а Na* ion 
and CI” ion be for the total potential energy to be zero. Calculate also 
the binding energy of the ionic molecule NaCl when the two ions are 
2'4 А apart. 

Solution. Net energy required to form Na+ and СЇ ions 

=5'1—3'6 
=15eV 
The electric potential energy of ions, 
pap DOD 
r ~ 

If r is.such that the E— —1'5 eV, then the total energy=E+1°5 
=—1'5+1°5=0 , 

B E=—1'5eV=—1°5xX1°6x 10719 J 

— kg? 

2. 15x 16x 10-8 = 00 


or Pa yea fe e es ede 


r 
9xl'6xl'6 —10 
r= eg ae 10 m 


—9:6x 107? m=9`6 A 
The electric potential energy for r=2'4 А=2'4х10-0 m 


will be 


pet ae 


r 
_ (9X 109 (06x 10-29) 
Е; "4X 10> 
=—6eV 


The binding energy of the ionic molecule NaCl 
© =(—6+1°5)=—4'5 ev 
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Example 19. А drop of olive oil of 2 mm diameter when-trans- 
ferred lightly over water dusted with Iycopodium. powder spreads out 
into a circular thin film of diameter 79:4 cm. Estimate the size of the 
molecule of the oil assuming that the film is only one molecule thick. 


д х Cy 
Solution. Volume of drop of olive oil, Vaz eR? 


Area of circular film, A— mr? 
Thickness of film, 


_ У _4/3 nR? 4 R* 
An A xr? 3 rn 
Now R=1 mm-—1X1073 m 
and r—39'7 cm —0:397 m 
m) 
SU TOs) =8'4X 107° m 


— 3 (0397) 


Since the film is one molecule thick so the diameter of the 
molecule is also 8:4x 10-9 m. З 


EXERCISE 7 


l. 100 volume of oxygen take 20 minutes to diffuse out of a 
vessel. How long will 40 volumes of hydrogen take to diffuse 
out from the same vessel under the same conditions, 


2. 144ml of a gas X diffuses in 12 minutes. If 120 ml of SO, 
diffuses in 20 minutes. Find molecular mass of gas ‘X’. 


3. H, and gas ‘X’ have diffusion ratio 6 : 1. Calculate the mole- 
cular mass of ‘X’. 


4. Two gases A and B has molecular mass 16 and 64 respectively. 
What is the rate of diffusion of gas A if that of B is 50 ml/s ? 


5. Theratio of diffusion of H, and Сіз іѕ 1:6. Calculate the 
density of Cl; as compared to Н,. 


6. The diffusion rate of O, has an average value of 62'5 ces. 
The diffusion of another gas under the same conditions is 
measured to have an average rate of 66 8 ссь-1, Identify 
the gas. 


7. At what temperature will the root mean square Speed ofa gas 
molecule will be half of its value at 0°C. 


8. The energy required to dissociate a molecule of Н, is 4'5 ev. 
Calculate the energy required to dissociate a mole of hydrogen 
in Joule. 


9. When 4:25 g of silver were used .2 produce silver chloride, it 
weighed 5:61 g. On the other hand when 1:95 g of silver was 


extracted from 26 g of silver chloride. Verify the law of 
constant proportions. 


10. 


11. 


13. 


14. 


16. 


19 


20. 
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2'4gof Mg on heating in air gave 4g of magnesium oxide. 
The same oxide obtained by heating magnesium carbonate 
was found to contain 60% Mg by weight. Verify the law of 
constant proportions. 
Silver chloride contains. 24°73% of chlorine. Calculate the 
weight of chlorine that would combine with 12 gm of silver. 
Two elements X and Y form two different compounds. Jn the 
Ist compound, 1 gof X combined with 1'44 р of Y. In the 
second 0:15 g of X combined, with 0:65 g of Y. Verify the 
law of multiple proportions. 
Two sample of HS gases was analysed. One contain 02 g Ha 
and 32g of sulphur whereas other contain 6% Hg and 94% 
sulphur. Which law can be illustrated by above data ? 
In compound ‘A’ 1g of N, unites with 0:87 g of O,. In com- 
pound ‘B’ 2g № combine with 2:24 g of O,. In compound C, 
3g Ns combine with 5:11.g of O,. Show’ these results obey law 
of multiple proportions. 
Three oxides of iron has following composition : (1) Fe — 77:789 
(2) Fe— 7076 (3) Fe=72'42%,. Show how they illustrate law 
of multiple proportion. ; 
Sodium chloride is derived from three different sources was 
found to contain Na and Cl; only: 
(i) 3'2 g NaCl contain 1:940 g chlorine. 
(i) 10g NaCl contain 6:068 g chlorine. 
(iii) 5'3 g NaCl contain 3216 g chlorine. 
Show that the above data prove the law of constant 
proportions. 
Water and H,O; give following % composition : 
(i) Н.О contain 11°11% Hy. 
di) H,O, contain 5°88% Hs. 
Show that these data agree with law of multiple proportions. 
Two oxides of P gave the following results : 
(i) 11 g of oxide ‘A’ contain 9'8 g of Ox. 
(ii) 21°3 g of oxide B contain 12 g of Os. 
Verify the Jaw of multiple proportions. 
Find the mass of y В 
(а) 0:15 mole of NB; (с) 0:635 mole of copper 
(b) 0:05 mole/of MgO (d) 0°107 mole of Ag. 
(Given N=14, Cu=63'5, Mg=24, O=16, Ag=107). 
An average signature with ac? pencil weigh about 1 mg. Find 
carbon atoms in signature. 
The mass of a molecule of hydrogen is 3:34Xx10-? kg. Cal- 
culate Avogadro’s number. 
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30. 


31. 


(32. 


33. 


Convert into mole ; 
(D 100gSulphur (ii) 100 g Fe (iii) 100 g Al. 
How many atoms are present in cube of Iron of side 10 cm. 
(density of Fe—7'8 g/cm. and Ў 
Atomic mass Ее= 55:85). 


2з atom of Hg weight 333 х 10—24 g. Determine atomic mass 
f Hg. 


Chlorophyll the green plastid and plant cell responsible for 

photosynthesis contain 2°68% Mg by weight. Calculate number 

of Mg atoms in 2g of chlorophyll (Mg— 24:3). 

Calculate number of moles and molecules in 8:516 g NH 
[N—14:00, H=1-008] 


Calculate No. of gram of oxygen atom in 0°10 mole of 
Na,CO;.10 HO. 


The mass of С!# atom is found to be 2x 1072 kg by a parti- 
cular spectrometer, Calculate the Avogadro's number. 


The size of the hydrogen molecule may be taken as nearly 1 À. 
Calculate the fraction of volume actually occupied in a mole 
of hydrogen at S.T.P. 


The specific heat at constant volume of a certain metal is 
approximately 0°16 cal g+°C™. “If it contains 2/7 fraction 
of the metal, find the chemical formula of its chloride, 

The chemical formula for a metal is МС. If it contains 0°3 


fraction of the metal, calculate C, (the specific heat at cons- 
tant volume). - 


Calculate the r.m.s. speed of the molecules of a liquid in 
Brownian motion if the mass of a molecule is 10-5 kg and 
the temperature of the liquid is 127°C. : 


Polymethyl methacrylate resin is soluble in chloroform. For 
these solutions the constant K and a are respectively 3°3 x 10-9 
and 0°85. Calculate the molecular mass of resin if a solution 
of 5'0 g of it in 2 litre has a viscosity of 0:22. 


Iran experiment of Brownian motion „usinga torsion pendu- 
lum whose torsion fibre has a torsion constant 1'8 x 10—19 
T/rad*, the mean value of angular displacement was found to be 


„nearly zéro. The fluctuations in angular displacement that is 


the mean square of its value was found to be 24x 10-4 гадз; 


pene the value of Boltzmann's constant if the temperature 
is А 


Calculate the radius and mass density of the following : 
(a) Lead and (6) Oxygen nuclei, (Pb—205) 


35. 
36. 


37. 


42. 


' 43. 


44. 


45. 


46. 


47. 
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Estimate the radius of a gold nucleus when an a-particle of 
energy 6 MeV is incident on its centre and gets scattered 
through 180*. 

In a head on collision between a-particle and a gold nucleus, 
the minimum distance of approach is 4 X104 m. Calculate 
the energy of the a-particle. 


Nuclear radius is of the order of 10* m while atomic radius. 
is of the order of 107? m. Assuming the nucleus and the atom 
to be spherical, what fraction of atom is occupied by a 
nucleus ? 

Calculate the nuclear radius of ,,Na* if nuclear radius of 
aaPb?05 is 7x 10-15 т. 

Calculate the nuclear radius of 

(a) «Ag (b) зоСа** (c) „С? 

Calculate the energy in Joules needed to dissociate 004%. 


hydrogen gas occupying volume of 28 litres under STP if the 
binding energy of a hydrogen molecule is 4°75 eV. 


+ If the energy required to dissociate 02% oxygen gas occupy- 


ing a, volume of 11:2 litre under STP ıs 424 Joule, calculate 
the binding energy of a oxygen molecule in eV. 


The net amount of energy required to form Nà* and СІ ions 
is l'5 eV. Calculate the binding energy of the ionic molecule 
NaCl when the two ions are 2°5 A apart. 

The density of water vapour at 100°C and 1 atmosphere is 0°75 
kg m^. Calculate the fraction of molecular volume to the 
total volume occupied by the water vapour under the above 
condition of temperature and pressure. 

The ionization energy of potassium is 4:3 €V and the electrom 
affinity for chlorine is 3'7 eV. Calculate the binding energy 
of the ionic molecule KCl when the two ions are 3:2 À apart., 


Calculate the average _ intermolecular binding energy per 
molecule of mercury. Given that its latent heat of vaporiza- 
tion is 2:72 x 105 J kg" and its molecular mass is 198. 


OBJECTIVE TYPE QUESTIONS 
Which pair diffuse at the same rate 
(a) CO; and N:O (b) CO, and NO; 


(d) CO and CO. А 
(c) N:O and NO, TN.C.E.R.T. 1980) 


Equal volume of О, and Н, is filled separately in two balloons. 
If diffusion rate of Osis 65 ml/hour then rate of diffusion 


ta) 6 ml/hr (b) 130 ml/hr 
(c) 260 ml/br (d) 325 ml/hr. 
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49. 


30. 


5]. 


924 


595 


54. 


55. 


56. 


57. 


Relation between diffusion rate and density was given by 


(a) Dalton f (b) Graham 
(c) Boyle (d) Charles. 
Which one is Graham's law ? 

Жы EE A M 
(a) з \ M, (5) RU NR 


(c) nxn-A/M,xM. (d a q/m 
) тух V Mi XM; (d) m M; 


The diffusion rate of A is 4 times than that of B. Their density 
ratio will be 


()14 (Ы) 1/2 
(c) 1/16 (d) 4/1 


Non-reacting gases have a tendency to mix each other. This 
property is called x 

(a) diffusion (b) fusion 

(c) mizing (d) None. 


A gas diffuse 4 times as quickly as O, the molecular weight of 
the gas is 


(a) 2 (b) 4 

(c) 8 (d) 16 [A.M.V. 1986] 
The rate of diffusion is given by 

(r «=-- (B) rod 

(7 7 (d) r & Wd 

The rate of diffusion of SO, and O, are in the ratio 

(a) 1:32 (b) 1:4 

(с) 1:2 (4) 1: 2 


The number of molecules of water ina beaker of 250 c.c. 
full of water is about : 


(a) 6x 10% (b) T'5x 10% 

(c) 1°5 x 1026 (d) 6x 10%, 

Onincreasing the temperature of the surrounding medium, 
the ot served Brownian motion will 

(a) increase (b) uneffected 

(c) decrease (d) undecided. 


gue oxides of N, like N50, МО», NO, МО», МО; are example 


(а) Law of const Proportionalit 
а y 
(b) Law of Conservation of mass 


38. 


59. 


60. 


61. 


62. 


63. 
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(c) Law of multiple prop. 
(d) Law of reciprocal prop. 
Which one of thefollowing illustrate law of multiple pro- 
portion : ; 
(а) №а,О, М№а,О, (b) НСІ, КСІ 
(с) Na,SO,, K,SO, (d) Calg, Bal. 
Two oxides of metal contain 30% and 222% oxygen. The 
weight of metal combined with fixed weight of oxygen are in 
the ratio of 
(a) 3: 5 (b) 2:1 
(с) 3:4 : r (d) 7 : 10. 
The positive potential energy of molecules means that the 
intermolecular force is 
(a) Attractive (b) Zero 
(c) Repulsive (d) Either attractive or repulsive. 
The nature of interatomicor intermolecular forces of atírac- 
tion or repulsion is always 
(a) Gravitational (b) Electrical 
(c) Magnetic (d) None of the above. 
If m is the absolute mass of a molecule and M is the molecular 
mass of the same substance then Avogadro's number is 
(a) Mxm (b) M+m 
(с) т/м (d) Mim. 
Brownian motion of molecules increases with 
(a) increase in size of Brownian particle 
(b) decrease in density of medium 
(c) decrease in temperature of medium 
(d) decrease in viscosity of medium. 


oo 


5. 


8. 
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Properties of Solids 


IMPORTANT FORMULAE 
\! 


Norma! stress and tangential Stress, 
ШЕ 
TTA 
Hydrostatic stress, T=Ap ; К 
Ap Excess (difference) pressure 


Linear or longitudinal strain, 


ex AL 
1 
Bulk or volume strain, 
ez AN. 
У 
Young's modulus of elasticity, 
y= ЕЈ 
A.AL 
= Mgl. 
nr! Al’ 


M —Load on wire 
ге radius of wire. 
Bulk modulus of elasticity, 
K=- Ap. V 
4 
Reciprocal of K i.e., к is called compressibility, 


shear modulus of elasticity or coefficient of rigidity, 


ША Ө? 
6=Shearing angle. 
Pull on a clamped rod when it is cooled, 
F=YA a AT 
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SOLVED EXAMPLES 


Example 1. 4 4m long aluminium ‘wire with cross-sectional 
area Г0х107% т? is used to support a weight of 50 N. If the elonga- 
tion of the wire is 2:5 mm., calculate Young's modulus for aluminium. 


Solution. p ; А=1:0х 1075 m? ; |[—4m and AJ=2'5 mm. 


—215X 103 m. 
SE, 
Y—A 


cs 50x4 EDO = 
~ 1X10*X2'5x 10° ee 
Example 2. 42m long wire with diameter 2 mm is stretched 
by 3*5 mm by a load of 50 kg. Calculate (a) the stress, (b) the strain, 
and (c) Young's modulus. 
3 j-3)2 
Solution. /=2m ; Ac Déc nex’) =r X107 m? 
AIS3:5x10-3 m; Е= М2:=50х 9:8—490 N. 


(a) Stress TA 
_—__490___15:6х10° Nm., 


(b) Strain ET 


©) ~ Strain 
^ 7 
— 15°6% 10" _ 3.9) 1019 Nm 


force required to double the length 

for steel is 20x 10° Nm. 

p (4x 1073)? 
4 


Example 3. Calculate the 
of a steel wire of diameter 4 mm.. Y. 


А РС 
Solution. Y=20x 10" Nm?, Acn, —3 14x 
—12:56x 107% m? 


if /=x metre, AJ=2x—x=x metre 


Now YS ATA 
.A 
Р F= xe 


20x 10x xX 12:56 x 107% 
x 
=2°512x 10° N. 
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Example 4. When a wire is strained. longitudinally by 01595, 
the stress developed in the wire is 30x 108 Мтг2, Calculate Young's 
modulus of wire. 


Solution. 


30x108 au 
7700015 20 x 101° Nm-^?, А 
Example 5. 4 wire increases by 107% of its length when the 
force acting per unit area on the wire normally is 12x 108 Nm ?. 
What is the Young’s modulus of the material of the wire ? 
Solution. 


= 0a = 12x 10% Nm”? 


Example 6. What increase in pressure will ' be needed to 
decrease the volume of 1:0 т? 


of water by 10 c.c. ? The bulk modulus 
of water is 0°21 x 1010 Мт 3. - 
Solution. У=1:0 m*; AV=10 €.c.—10X 10-9 m3 
K=0'21 x 101? Nm=? 


Now Б 


. lo 0 = 
=0'21 x10 X -To 721X10! Nm 2 


Example 7. A steel wire of diameter 3'5 mm is heated uni- 
Jormly to 300°C and then rigidly clamped at its two ends. If it is 
cooled to 20°C, calculate the pull exerted on clamps. 


(Y for steel=20x 10" Nm" and a for steel=11x 1075 K) 


Solution, Ana 2 (sx 10" 9625x 1075 m? 


10. 


11. 


12. 
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Now F=YAaAT 
—20x1010x9:625x10-5x11x10-*x(300—20) . 
=5929 N. ў 
EXERCISE 8 


A steel wire 50 cm long is stretched to a length of 50:50 cm. 
What is the strain ? 


A copper wire 2 m -long and 0:063 cm? in cross-section is 
stretched by ‘03 mm with a load of 105 N. Calculate (2) Strain, 
(b) Stress, (c) Young's modulus of elasticity. 


A telephone wire between the two poles is 50 m long and 
] mm in radius. When it is stretched by a load of 65 kg, its 
length becomes 50:12 m. Calculate Young's modulus of 
elasticity. 


A 6 m long steel wire whose diameter is 7 mm is used to 
support a mass of 40 kg. What will be elongation of the wire ? 
(Y for steel=20 x 101% Nm-?). 


An aluminium wire increases by 2X 107? of its length when a 
stress of 1'4x 10? Nm™ is applied to it. Calculate Young's 
modulus for aluminium. 


Young modulus for steel is 20x10!° Nm”, Calculate the 
stress developed in a steel wire when it is strained by 030%. 


A brass wire is having radius 0:35 mm. Calculate the force 
required to make its length 1°5 times the initial one. (Y for 
brass 10x 101° №2). 


Find thelength of the wire that will break under its own 
weight when suspended vertically. (Density of wire 7:8 x 10° 
Kg m^? and breaking stress— 7:8 X 108 Nm”). 


A piece of lead having volume 500 c.c. is dropped into the 
sea. What is its new volume when it is on the sea bed were 
the pressure is 8:0 x 107 Nm” greater than that at the surface ? 
(K for lead=4°3 x 101? Nm ?). 

The volume of 1000 litres of water decreases by 100 c.c. by 
increase of pressure by 2:0 X 10° Nm-?. Calculate the value of 
Bulk modulus and compressibility of water. 


A rubber cube of 4 cm side has one face fixed rigidly while its 
opposite face is sheared by 2 mm parallel to the fixed face by 
a tangential force 10 N. Calculate modulus of rigidity. 


An ocean is 10* metres deep. If a certain quantity of water is 
taken from the surface to its bottom, calculate the percentage 
change in its volume. The compressibility of water is 1/22000 
per atmosphere. 
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14. 


15. 


23. 


A brass rod 50 cm long and 4 mm in diameter is heated from 
20°C to 90°C. Calculate the force needed to compress the rod 
back to its original length. (а for brass=18 х 10-6 °C"! and Y 
for brass—9 х 1010 Nm; 2). Ё 

How much will be the increase in length of a 3 m long copper 
wire if a weight of 10'0 kg is suspended from one end and the 
other end is fixed. The diameter of wire is 0'4 mm (Y for 
copper=10 x 101° Nm-?), [A.I.S.S.E. 1979] 


Taking the Young's modulus of brass to be 1011 Nm, calcu- 
late the increase in energy of a bar 01 m long and of cross- 
section area 1`0 cm?, when compressed with a load of 10 kg 
wt. along its length (g— 10 ms7?). [A.1.S.S.E. 1982] 
Calculate the {force required to double the length of a wire of 
diameter 2 mm. Young's modulus of elasticity—12 x 1011 
Nm-*. [D.S.S.E. 1980] 


The length of a wire increases 8 mm when a weight of 5 kg. is 
hung. If all conditions are the same, but the radius of the 
wire is doubled, what will be the increase in the length. 
[4.1.5.5. (Compt.) E. 1982] 
A steel wire 3 metres long, when subjected to a tensile load of 
40 kg. extends through 6 mm. If Young's modulus of steel 
is 2x10" Nm, calculate the stress and strain in the wire. 
Also determine the area of cross-section of wire (g—10 ms 1). 
[D.S.S.E. 1983] 
A longitudinal stress of 8х 10" Nm;? is applied to a wire, 
which increases its length: 1073 times. Calculate Young's 
modulus of the material of the wire. [D.S.S.E. 1985] 


A steel wire of length 1 m, mass 0'1 kg and uniform cross- 
sectional area 10 m? is rigidly fixed at both ends. The tem- 
perature of the wire is lowered by 20°C. If transverse waves 
are set up by plucking the string in the middle, calculate the 
frequency of the fundamental mode of vibration. 
(Y for steel=2 x 101 Nm”; a for steel=12°1 x 10-5 K2) 
ULLT. J.E.E. 1984] 
Write the dimensions of rigidity modulus in terms of mass, 
length and time. Т.Т. J.E.E. 1983] 


Which of the two wires of the same material having the length 
100 cm ; diameter 1 mm and length 50 cm ; diameter 0'5 mm 
has the larger extension when the same tension is applied. 

| [L.I.T. J.E.E. 1981] 


When a stress of 10" Nm-? is applied to a suspended wire, its 

length increases by 10~ of its original length. Calculate 

Young's modulus of elasticity of the material of the wire. 
[D.S.S E. 1986] 


26. 


21. 


28. 


29. 


31 


32. 


33. 
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Two wires, one of copper and the other of the nickel, each 
2:5 m long, 20 mm in diameter, are joined end to end to form 
a composite wire 4 mm thick. What tension in the wire will 
produce a total extension of 0°50 mm 2 

(Y for Cu=1 X10" N/m? and Y for Ni=2:2 x 10" N/m?) 


What load when suspended from an aluminium wire2 mm in 


diameter and 5 m long will stretch it by 1 mm ? 
(Y=7x 10!° Nm?) [D.S.S.E. 1987] 


A wire having a length of 150 cm and area of cross-section 
equal to 1 mm? stretched by a weight of 3 kg. Determine the 
-increase in length. Young's modulus of the material of the 
wire=2 x 10? N/m?. [А.1.$.$.Е. 1987] 


Two wires of the same material have same diameter but length 
1 and 2/ respectively. Both are subjected to the same load. 
Will the strain in the two wires be the same or different ? 


А 4m long copper wire with diameter 05 mm is used to 
support a 5 kg weight. Determine the elongation of the wire 
[Y for copper is 10! Nm *] [D.S.S.E. 1988] 


The ends of a cylindrical bar are kept at 100°C and 0°C respec- 


tively. The diameter of the bar is 2 cm and its length is 20 cm. - 
How much heat in joules flows (under steady state conditions) | 


through the bar in 10 minutes ? (Given coefficient of thermal 
conductivity —0:025 watt m^? К.) 
: . [D S S.E. 1989] 


An iron sphere has a diameter of 20 cm at 20°C. Calculate the 
change in its volume if it is heated to 200°C. Coefficient of 
linear expansion of iron is 12x10 ® °C and iron can be 


assumed to be isotropic material. 
[D.S.S.C.E. 1989] 


OBJECTIVE TYPE QUESTIONS 


. Out of rubber, glass, copper and steel which has maximum 
and minimum value of Young's modulus of elasticity res- 
pectively 4 
(a) copper and rubber (b) glass and copper 
(c) steel and rubber (d) rubber and steel. 

Dimensions of modulus of elasticity are : 
(а) ML*T (b) MLT* 
(c) МІТ (d) ML“T>. 
S.I. units of modulus of elasticity are : 

(а) Nm (b) дупе cm? 


(c) Nm™ (d) dyne сш-?, 


[4.1.5.5.Е. 1988) ( 
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34. 


35. 


37. 


Bulk modulus of elasticity (k) and compressibility (c) of a 
material are related with each other as 


(a) k.c=2 (Б) k.c=1 
(c) k=c (d) Ea constant. 


A wire is replaced by another one of the same length and 
material but of twice the diameter. How will this effect the 
elongation under a given load ? 

(a) Four rimes (b) Two times 

(c) One-fourth (d) One-half. - 

The two wires of same diameter and length are loaded with 


the same weight. If the ratio of extension of the two wires 
is 1 : 2, what will be the ratio of their elasticity : 


(a) 1:2 (b) 1:4 

(c) 4:1 (d) 2:1. 

Which is most elastic ? 

(a) Steel (b) Iron ; 
(c) Rubber (d) Putty. [C.P.M.T. 1988] 


4 metre wire of cross-section area 12x 10% m? is expanded by 
48 х10° N force, the stress is given by 


(а) 4x 107 N/m? (b) 2x 10? N/m? 
(c) 6x 10° N/m? (d) None. [C.P.M.T. 1988] 


00 
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Properties of Liquids 


IMPORTANT FORMULAE 
Pressure, P= ; F=thrust, A=area 
Pressure of a fluid column of height h, 


P=hpg; , p=Density of fluid 
g=Acc. due to gravity. 


‘In a hydraulic lift, 
(a) Ws Ré ү where W4-- weight on press 
Wı Rè’ plunger 


W,=weight on pump plunger 
R= Radius of press plunger 
R,=Radius of pump plunger 
(b) Mechanical advantage of a lever 
power arm 
weight arm 
Relative density has no unit and it is numerically equal to 
density in c.g.s. system. 
Archimedes’ principle : 
(a) Relative density of a solid heavier than and . insoluble in 


water, 
Wi A PaRi. 
R.D.= ; Wi=weight of solid in air 
W,—W.^ W,=weight of solid in water 
(b) Relative density of solids soluble in water, 
Wi : Wi-wt. of solid in air 
RD.—q«-w, 4: Wa==wt. of solid in liquid 


d—R:D. of liquid 


(c) Relative density of a solid lighter than water as cor. 


i 
glass etc. 


RD ==; Wi-wt. of solid in air 


Wa-wt. of solid in air 
and sinker in water 
W,=vt. of solid and 
sinker both in water 


GE Surface tension of a liquid, 


and also EL 


= Work or surface energy 
4 А —Surface area 
7. Excess pressure : 

(i) on the curved surface of a liquid, 
_ 20 . 
P= E 

r=radius of curvature of the curved 
Surfaces 
(ii) inside a liquid drop, p=, T 


r=radius of the drop. 
(iii) inside a soap bubble, 


4c À 2 
р= =, since it has two spherical surfaces 


one external and another internal. 
8. Capillary rise, © 
n 2ecos0 . 
Pgr ^" 
9—angle-of contact 
p-— density of liquid 


9. Coefficient of viscosity ‘y’ is defined as 
d. 
=ош 
F— Tangential force of viscosity 
4. = Velocity gradient (change in velocity 


per unit change in height) 
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10. Poiseuille's formula : 
Volume of liquid issuing out per sec. through a pipe of length 
“Р and radius ‘r’ is given by 


744) 


778 yi 
=Diff. in pressure at the two ends of the 
pipe. 
‘11. Reynold number, 
Na AOD’ 
7 


12. Stoke’s law, F=6x yr vo; 
r=radius of sphere moving through the 
liquid. 
vo=terminal velocity 
v 2 rig (Р Ро) . 
0 9 7 H 
p=density of sphere 
Po= density of liquid 
13. Equation of continuity, 
Ay, V5 —Às te 
Ay, A,=Area of cross-section 
о, va= Velocity of flow of liquid. 
14. Bernoulli's theorem, 
p Pgh--3Pv!—a constant 
p- pressure energy per unit volume 
egh— potential energy per unit volume 
4P v?—kinetic energy per unit volume. 
15. Torricelli’s theorem, 
v=/2 gh 
16. In venturi meter, the volume of liquid fiowing per sec. is given 


by EWEA A 
ужа! 2#һ__. 
V 7 =A, AA EASY 
Аз, A, Area of cross-section 
A=Diff. of pressure heads at A, and Ау. 
SOLVED EXAMPLES 


Example 1. Calculate the atmospheric pressure in N/m? if it 
be equal to the height of mercury column (in the barometer) of 76 cm. 
and what will be the height of water column'that hus the sam. pressure. 
(The density P of mercury=13,600 kg|m* and g=9's m[s*)." 


and 
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Solution, Here we have h=76 cm=0°76 m 
$ g=98 m/s? , p=13,600 kg/m? 
Hence pressure, p=hgp 
=0'76 mxX9°8 m/s? x 13,600 kg/m? 
=1°013 x 105 N/m? 
Height of water column for the same pressure, 
P'—0'76 mx13:6 
` =10°336 m 
Alternative method : Height of water 
1:013 x 105 
9`8х 10° 
=10°336 m 


Example 2. At what depth below the surface of water will the 
pressure be equal to 2 atmospheres if the atmospheric pressure be 
equal to 10° dynes/sq. cm. Given &=981 cms.[sec.à 


Solution. The pressure on the surface of water is one atmos- 


phere. Hence the question is now to find the height of water column 
which will exert a Pressure of one atmosphere. Let А be the height 
of this water column. Then 


Column— 


hpg=one atmosphere 
= 10% dynes 


or = = 


=1019`4 cms. 


Example 3. The neck and bottom of a bottle are ‘5 ст and 
4cm in diameter respectively. If the cork in the neck is pressed with 
а force of 1 kg wt. when the bottle is full of oil, what is the force 
exerted on the bottom of the bottle ? 


Solution. Area'of cross-section of neck СЭ) оа 


Area of the bottom —mnX2!cmt 
The cork is pressed with a force of 1 kg wt. 


1 
Pressure— — 
— — X(x22) 


Example 4. The area of a small piston of an hydraulic press 
is 1 sq. cm and o the |, 1 is 22 sq. b 
Weight can be raised A the E IT br 2 Of 200 ke DAE 


on the small piston arge piston by a force of 200 kg. acting 
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Area of a small piston=1 sq. cm. 
Force acting on this piston— 200 kg. wt. 
Pressure on this piston=200 kg wt./sq. cm. 


Area of the bigger piston —20 sq. cm. 
Thrust= 200 x 20 


—4000 kg. wt. 


Solution. 


Example 5. The radii of press and pump plungers of a 
hydraulic press are 60cm and 20 cm respectively. A force of 
60 kg is applied to the end of a lever whose power arm is- 60 cm. and 
weight arm is 15 cm attached to the press plunger. Calculate the load 


raised by the plunger. 
Solution, The force is applied to the end of a lever whose 

power arm is 60 cm. and weight arm is 15 cm. 

The mechanical advantage of 1еуег= те =4 

=60х4 

—240 kg. wt. 

Area of the pump plunger—a x 20? — 4008 

Area of the press. plunger = X 602= 3600% 


Pressure on the pump plunger= E kg wt /cm*. 


Hence force exerted on the pump plungers 


Force transmitted to the press plunger 240- x3600n 


—2160 kg. 
The load raised=2 60 kg. 


Example 6. How much will a body of 70 N weigh in water if it 


displaces 200 ml of water ? 

Solution. Weight of the body=70 N 

Volume of water displaced=200 ml 
=0°2 litre 

of water displaced=0'2 kg. 
—02x9:8N 
=1'96 N 

By Archimedes’ principle the loss in weight of the body is 
equal to the weight of the water displaced by the body. 

Therefore, weight of the body in water =70—1°96 
; i =68:04 N 


Example 7. A solid weighs 3 N in air, 2'5 N in water and 2: 
in a liquid. Calculate the RD. of the liquid. . Vater ana 


Mass 
Weight of water displa 
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Solution. Wt. of solid in air X=3 N 
Wt. of solid in liquid X'—2:6 N 
Wt. of solid in water X*—2:5 N 
Loss of wt. of the solid in liquid—3—2:6—0:4 N 
Loss of wt. of the solid in water—3—2:5—0:5 N 
R.D. of the liquid— Cs 
7 =0'8. Ans. 

Example 8. A copper cube of mass 0°50 kg is weighed in water 
(density 10° kg/m). The mass comes out to be 0°40 kg. Is the cube 
hollow or solid ? 

(Given, density of copper—8:96 x 10% kg/m?). 

Solution. Let V be the volume of the cube Then by Archi- 
medes’ Principle : à 


Loss of weight in water— weight of water displaced 


or . (0:50—0'40)— V (density of water) 
Or (010) V x 108 
01 3— =4 3 
or У=пуз m—10 mê, 
Density of cube— E = 050 =5 X 10° kg/m?. 


which is less than that of Copper. Hence the cube must be hollow. 


Example 9. А piece of ice floats on water. What fraction of 
its volume will be above the surface of water? You are given that the 
density of ice is 0:90 x 10% kg/m.” 1 


Solution. Let V be the total volume of the piece of ice and 
let V' be the volume of the Part inside water. By Archimedes’ 
Principle (as applied to a floating body): . 


Weight of body in air— weight of the water displaced 


or V 0:90 x 103— V* 10° g, 
V' 090x10  . 
or V= тв -990 
у) 
r 1—— )=(1—0:90 
S ( v Ja ) 
(WGN TR 
vs Io sib 


p 
10 of the ice block is above water. 


Example 10. When д Solid is immersed wholly j he 
E Ra i у in water і 
loss of weight is 0:4 kg. What is the volume of the solid ? : 
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Solution. By Archimedes' Principle, 
Wt. of water displaced—Loss in weight of solid 
Wt. of water displaced —0'4 kg. 
But wt. of water displaced— Volume of water displaced 
Xdensity of water 
04=V x 10? 
V—04x10? m? 
The same will be the volume of the solid. 
‘Example 11. 4 solid weighs 10 N in air. Its weight decreases 
by 2 N when weighed in water. What is the density of solid ? 


Solution. Wt. in air=10 N 
Loss of wt. in-water=2 N 


Я Wt. in air 
R. Density —Loss of wt. in water 
10 
— L5 
M Жр s Densityrofisubstance 


` Density of water at 4°C 
5= Density of solid 
~~ 1000]kg/m* 
A Density of solid=5000 kg/m*. Ans. 
Example 12. А solid weighs 6 kg in air. If its density is 
2000 kg/m. What will be its apparent weight in water ? 
[A.I.S.S.E., 1981 Comptt.] 
Solution. Mass of the solid m=6 kg 
Density of the solid d--2000 kg/m? 
Volume of the solid v 
6 


3 
=5000 ™ 


6 
Volume of water displaced= 2000 2 
Density of water=1000 kg/m? 
Mass of water displaced— V x d 


—399o Х 1000 


=3 kg. 
By Archimedes’ Principle : Loss of weight in water is equal to 
the weight of water displaced. 
Apparent weightin water—6 kg—3 kg=3 kg. 
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Example 13. Aliquid drop of diameter ‘D’ breaks up into 64 
tiny drops. Find the resulting change in the energy. 


Solution. Let the radius of each tiny drop be ‘r’. Volume of 
64 tiny drops— Volume of one big drop. 


Change in surface area, 
D 


AS=64 X Anr! — Am (2 y 


=04x 4n (2)-«(2 ) 


-i [2-2] 


=3др?, 
Resulting change in the energy, 
AE=cAS 
=o (3x D?) 
=38 ср, 
Example 14. Calculate the work done in blowing a soap bubble 
of diameter 4 cm. Surface tension of soap solution=3 x 103 Nm, 
Solution. Surface area of bubble, 
À—2X 4nr? 
22 Р 
—2X4x 7 X(002? m? 
=0`01 m? 
Work done W=c A 
=3 X 10? x-01—0:0003 J. 
Example 15. If a number of little drops of mercury all of the 


same radius ‘r’ collapse to form a single big drop of radius ‘R’. “Show 
that rise in temperature is given by 


2c (1 1 ) 
1 si ( rR 
where с, S and p are surface tension, specific heat and density of liquid 
respectively, 


Solution. nx 5а E zR? 
3 : 
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HEY 


Decrease in surface area, 
AS —[n X 4nr1—4zR?] 


—4n [( R J-R ] 
авва [ Ri ] 


Energy released, 


AE=cAS 
r 
=o4rnR? — x] 
Heat produced, 
AE 
A= 
_ oR (1 1 
205 J ( rm x) а) 
Also AQ=mS at=(x Rip )s Ат ...(2) 
‘oss _ 4nc К? (+ x) 
3 mR? pS AT 7 PUR 
| 
3e [1 1 
ат Sr x) 


Example 16. Three capillaries of lengths lı, ls and I, and radii 
11, rg. and rs respectively are joined in series. Show that the volume of 
liquid flowing per second in given by 


Ум йл 1 
1 з з: 
81 (x га ort ) 


where p is the pressure difference across the combination of capillaries. 
Solution. Let/p;, p; and p, be the pressure differences across 
the three capillaries as shown in the figure. 
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As the same volume of liquid is flowing through each capillary, 
‘we have according to Poiseuille's formula, 


— BPs’ прате — Para 
8uh . S8» 8» 


and = Bu. v 
Tr, 

-. The effective pressure difference ‘p’ cross the combination 
will be 


P=(Pitp2+ps) 


— 811 Syl. Sul, 

Кул nrt 2 xr x 
8 (А l 1 ) 

or а 

пр 
v 
nea СЕЛ 
ал (rtr) 


Example 17. What would be the pressure inside an air bubble 
of 02 mm in diameter situated just below the surface of water ? 


(Surface tension of water is 0'07 Nm=, atmospheric | pressure— 
1'013 х 105 №т?). 


Solution. Тһе pressure, 


P=Atmospheric pressure+ hydrostatic 
pressure excess pressure 


=Potieg+ 20. 
=1°013 x 105+ (0:1 x 10-3) x 10° x 9:8 
0:07 ' 


2х 
101х053 
= 10272 х 105 Nma, 
Example 18. The internal diameter of the tube of a mercury 
barometer is 3:00 mm. Find the corrected reading of the: barometer 
after allowing for the error due to surface tension, if the observed 
reading is 16:00 cm. (For mercury a—0:480 Nm, 9—] 40^). 
` Solution, h= t 
[7 
JY 2x048Xcos 140 
(5х 10-)(13°6 x 10) 9:8 
=0:0048 (—0:643) . 
=: —0'00309 m 
= —0:309 cm - 
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1 The negative sign indicates that the reading of the barometer 
is lower than the correct value by 0:309 cm. 
Correct reading— 76 00-1-0:309 
=76°309 cm. 

Example 19. Two mercury drops of radii a and b coalesce to 
form a single drop of radius c. If external pressure is P, prove that 
the surface tension of mercury is given by 

o; P9-d—b) 
2(a* --b*—c*) f 

Solution. Since the two drops coalesce under isothermal 
conditions and total mass remains constant, 

(Р.У: --P,V4)— P'V* 
2в\ 4 20 | 4 p= ( 2) = x 
(9) $ nary ( P+) not PT 3 
2e(a*-- b13— c?) — P(c? — a? — b?) 
mE Cab) 

j T ағыс) | 

Example 20. A U-tube is such that the diameter of one limb 
is 2 mm that of the other is 5 mm. Find the difference їп the level of 
water in the limbs. [Surface tension of water—0:07 Nm™ and angle 
of contact — 0]. 


—>|2nf<— — 25 == 
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соз 0 
Solution. Ву 4=22 C020 


; 2в^ 
=——— GP = =! 
and. PE l. cos 8=cos 0—1] 
Difference in level of water in two limbs, 
h=h—h, 
2a 2с 
nPg T3Pg 


Now гі=1х10- m 
74—2:5x107? m 
с=0'07 Nm 
р=10° kg m? 
g=9'8 ms? 
he 2х0:07 Tw 1 ] 
109x9'8L1x107? 25x10? 
—86x10? m 
=8'6 mm. 7 


Example 21. The water flows through a horizontal pipe of 
varying cross-section at the rate of 8 m*s ^. Find the velocity at a 
section where the radius of the pipe is 7 cm. 


Solution. V=8 m? s! 


and 


а=тг? 
229 
= 7X 07)? 
—'0154 m? 
By V—a.v 


v=— 


8 
70154 
=519'48 ms“. 
Example 22. What is the speed of efflux of water which flows 


out from a small hole in а tank which is full of water. The pressure 
of water is 2000 Pa. і 


Solution. By P—hPg, 
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ie 2% 2 d 
~ 1000x9:8 98 
Speed of efflux of water 
у 
=, 2х98х 2. 
За 98 
=2 ms. 


Example 23. 4 pipe is running full of water. At a certain 
place tapers from 20 cm radius to 8 cm. The difference between the 
pressure on the two sides of the taper is 75 cm of water column. Find 
the volume of liquid flowing per second. 
Solution. Неге A,—nr;? 
=n(0°2)? 
=0:04 x m? 
As=nr,* 
—n(0:08)* 
700064 т m? 
h—0'75 m 
and g—9:8 ms? 
Volume of water flowing per second, 


cn 
У=А,А, Е 
=0'04 п xX 0:0064 x [(0704:5:)3—(0:0064 57] 
=0'03868 m? s7. 


Example 24. What should be the maximum average velocity 
of water in a pipe of diameter 5'0 cm so that the flow is laminar [The 
viscosity of water—0:001 Мт? s). ° 

Solution. The maximum value of Reynold number for 
laminar flow is 2000. 


2800 5000 


E] 
2000 » 
UR fb 
2000 x 0:001 
= 10×05 
—0:04 ms? 
=4 cms. 
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Example 25. At what speed will the velocity head of a stream 
of water be equal to (a) 10 cm of H.O (b) 40 cm of Hg. 
Gi Solution. (a) g—9'8 115—2, 
h—10 cm—0:10 m 
The velocity head of stream of water, 
v=/2gh 
=V2x98x01 
=1°4 ms“. 
(b) g=98 ms? 
h=40 cm of Hg 
=0:40 x 13'6 m of H,O 
v 2g 
=V2X98X04x136 
=10°326 11571. ч 
Example 26. Water is conveyed through a horizontal pipe 
15cm in diameter and 5 km in length at the rate of 10 litre per 
second. Assuming only viscous resistance, calculate the pressure 
required. (For water, »—0:001 PaS] 
Solution. Неге r—-7.5cm-75x10- m 
1-5 km-5x 103 m 
V=20 litre si 
=20 X 10 m? 51 
76001 Pas 


By CEST 


...8X0:001 X 5x103x20x 1073 
p 3°14 х(7`5х 10-38 
=8:05 x 10? Pa. 

Example 27. A pilot tube is mounted on an aeroplane wing 
to measure the speed of the plane. The Tube contains alcohol and 
shows 4 level difference of 50 cm. What is the Speed of the plane 
relative to air? (Density of alcohol=700 kg m^ and density of air 
==Г4 kg m^). 

. Solution. Applying Bernoulli’s theorem for the air at the 
points À and B respectively of pilot tube, we have 
Pit} pr? =p,+4 Pes? 
(ру—р:)=% P(v,—v,2) 
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3 Fig. 9.3. 
But Pi—P2=hPog 
where h=0°50 m, Po=700 kg m™* 
g=98 ms? 
and y,—0 [Air at A is stand still] 
hPog=} Pv," 


2hPog 
v=] ع‎ 
4 INE: 
Juss 
Y4 
=70 05 
=70X 18. kmh? 
‘ =252 kmh". Y 
Example 28. With what terminal velocity will an air bubble 
30:8 mm in diameter rise in a liquid of viscosity 0:15 Nm ® 5 and 
-specific gravity 09 ? [D.S.S.E. 1984] 


Solution. Here r—0'4mm—04x 107? m 


5-015 Nm? 5 
с=0:9 х 10° kg m^? 
=900 kg m? 
p=density of air 
-]3kgm^? 
y of rising air bubble, 
2 rig(o—P) 
v= 9 CHO 
2 (4X 1078 з (900—173) 
page 015 


Terminal velocit 
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Example 29. Two equal drops of water are falling through 
air with terminal velocity of 0:2 ms ?. If they coalesce to form a big 
drop, what will be the new terminal velocity ? 


Solution. Letthe radii of big and small drops be R and r 
respectively.— Then À 


4 4 
E c= ر ا‎ 
3 5R3—2X 3 zr 
e R=21/3 r 
Terminal velocity of small drop, 
02. (ea) 


"n 
and the terminal velocity of big drop, 


y— 2. Rég(P—o) - 


i hn 
у R 
: Раз 
(213 руз 
cS 
V=22/3 xv 
—]159x02 
—0318 ms". 


Example 30. Water stands at а depth ‘H’ in a tank whose 
side walls are vertical (Fig. 9.4). A hole is made on one of the wall 
аза depth ‘h’ below the water surface. Calculate : 


Fig. 9.4. 


(a) At what distance ‘R the foot of the he 
stream of water strike the авгон A / ааа 


(b) For what value оў h is the range maximum ? 
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Solution. (a) Applying Bernoulli's theorem for water at the 
free surface and at the hole, we have ; 
HPg--p,-- f (0)?=(H—A) Pg +p, - eV: 
But p, —7s (each equal to atmospheric pressure) 
E у= A/2gh, along horizontal direction. 
~<. For vertical.downward motion ef water, 
by s=vit+4 at? 
(H—A)—0-4ixgt 
n \/ 2(H—A) 
8 
R=Vxt 
——_ |2(H—h) 
= У 2gh у DERIT 
: R=2V i (Hh) 
R—2Vh(H—In 
=2 V hH—k? 


or : к=24/(9. mo ДЯ ў 


For R to be maximum, 


(E )-o 


h= 


Ws 2 


(b) 


Example 31. A glass 
into a alaner of erari with its lower end 2 cm К the mercury 
surface. What must be the gauge pressure of air in t. D 2 blow 
a hemispherical bubble at its lower end ? (s. [ой mercury= ). 
Solution. The gauge pressure of air in the tube, 


p=% +hPg 


. 2x049 Я 
=O5x 1022) ! 0 02x 03 6x10)x98 
p=4625'6 Nm? 
Xxemp! . 4 here is dropped under gravity һа 
of viscosity is 82; ing the average acceleration as РЕЗА red : 
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acceleration, show that the time to attain the terminal velocity is inde- 
pendent of fluid density. : 
Solution. Initial acceleration of the sphere 
zx (Р—с) 
e 
Average acceleration, 


(P—a) 
a=}g—_ V 
tg B 

We know terminal velocity, 
م 2ے‎ 
Vy rg 


By Vs=Vitat 


(p—o) 
Y 


a 
Time to attain the terminal Velocity, 
2 


У; У, 
toa ee =% [. У=0] 


rig (0—с) 


1 , (p—o) 
gm 
Ере 

n 

which is independent of fluid density (o). 


EXERCISE 9 


1. Calculate the atmospheric pressure іп N/m? when the baro- 
metric height is 750 mm. 


© 


2. Calculate the height of an oil baromei 
barometer stands at 76 cms. Density of 
that of oil is 0°85 g/c.c. 


3. A lift pump is used to pump kerosene of relative density 0:8 
from a lower tank into the upper tank. What is the Maximum 
Possible height of the upper tank above the lower tank, if the 
atmospheric pressure is 76 cms. of Mercury column, ” 


ter when the mercury 
mercury is 13:0 and 


4. A force of 50 kilograms is applied to the smaller piston of a 
hydraulic press, Neglecting friction, find the force дак оп 


the large piston ; the diam ters of the pistons bej 
cms respectively. о 2 : RO b 


5. fee мег ite pistons of a hydraulic press are 1 and 
produced Den ively. at multiplication of force will be 


[Delhi H.S. 1949] 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 
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The two plungers of a hydraulic press have diameters of 2:5 
cm and 30cm. respectively. The downward force on the 
smaller plunger is 56 kg wt. What is the force exerted by 
press plunger. If the stroke of the smaller piston is 1 cm? 
Through what distance will the press plunger rise after 36 
strokes. j [Pat. U. 1946 S] 
The cross-section of the two pistons in a hydraulic press are 
2 and 150 sq. cms. respectively. Calculate the minimum force 
necessary to support a weight of 3 metric ton placed on the 
broader base of the press. ` 
The power arm of the lever of a Bramah press is 1 m and its 
weight arm 10cm. Find the force applied at the end of the 
lever to support a load of 1 metric ton placed on the press plun- 
ger. The diameter of the press plunger is 10 times that of 
pump plunger. 

What is the weight of a lead sphere of density 11°4 gms./c.c. 
having a radius of 2:1 cms ? 

A lump of rock salt having a volume of 2 c.c. is dissolved in 
90 c.c. of water without increasing the volume. If the density 
of the rock salt is 2°16 gms./c.c. what is the density of the 
solution ? 

A piece of glass weighs 8°6 grams in air, 5:17 gms. in water 
and 6'4 grams in alcohol. Find the specific gravity of alcohol 
and glass. 


A body weighs 60 gms. in vacuum and 42 grams in water. 
Find the volume and specific gravity. 


A substance weighs 6:02 grams in air and 0:14 gram in оп. A 
glass stopper weighs 23:84 grams in air, 13:34 grams in water 
and 15:02 grams in the same oil. Find tbe density of the 
substance. 

A sinker which weighs 25:23 grams in water is fastened 
to a piece of wax and the two together weigh 24:106 grams in 
water. If the wax weighs 11:375 grams in air, find its specific 
gravity. 


Two bodies are in equilibrium when suspended in water from 


the arms of a balance. The mass of one body is 28 grams and 
its density is 5'6 gms/c.c. If the mass of the other body is 36 
grams, what is its density ? 

A silver ornament is suspected to be hollow. Its weight is 
288°75 grams and can displace 30 c.c. of water. If the specific 
gravity of silver is 105, what is the volume of the cavity ? 


The crown of Hiero weighed 10 kg. Archimedes found that 
it lost 0:625 kg. when immersed in water. The crown was 
made of gold and silver. Find the weights of these» metals 
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18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


31. 


present in the crown. Relative density of gold is 19'8 and that 
of silver is 10*5. 

A. test tube 30 cms. long and 05 sq. cm. in cross-section weighs 
4 grams. 10 grams of mercury are poured into it. What will be 


the specific gravity of a liquid in which it floats with 2 cms. 
length of its stem above the surface. 


A block of ice of specific gravity 0'9 floats in a vessel contain- 
ing water and filled up to the brim. What fraction of volume 
of the block will be above the surface of water ? 


Specific gravity of ice is 0:9 and that of sea water is 1'1. What 
fraction of the whole volume of the floating ice berg appears 
above the surface of sea ? 

A. cube of 5 centimetres edge is made of wood of specific gra- 
vity 0'8. Find the weight which when placed on it will just 
submerge it in liquid of specific gravity 0 9. 

An iceberg of specific gravity 0:940 floats in sea water of sp. 


gravity 1:02. What fraction of the total volume is above the 
surface of water’? 


When two mercury drops each of radius r are brought in 
contact, they form one drop. Calculate the energy released. 
A water drop of radius 1 mm is sprayed into a million droplets 
of the same size. Find the work done. [Surface tension of 
water=0 072 Nm]. 

Calculate the work done in blowing an air bubble of radius 
0:5 cm. in water. [Surface tension of water=0'07 Nm-1]. 


Calculate the energy needed to expand a soap Bubble from 
radius 10 cm to 15 ст. [Surface tension of soap solution= 
0035 Nm7J. 
A mercury drop of radius R breaks up into one million tiny 
drops of the same size. Calculate the change in energy of the 
surface of the drop if o for mercury is 0°49 Nm-!, Д 
[Roorkee Entrance Exam. 1984] 
A liquid drop of diameter D is broken up into 27 tiny drops 
ofequalsize. Find the energy required. 


What is the work done in breaking a mercury drop of radius 
4 mm into 125 tiny drops of equal size. [Surface tension of 
mercury —0:49 Nm=] 


Find the amount of work done in breaking a drop of petrol of 
volume of 1 c.c. into a thousand million drops of equal size- 
[Surface tension of petrol is 0:026 Nm 1]. 


Calculate the energy released when 64 droplets of water, each 


of radius 0°07 mm, coalesce to form one large drop. [Surface 
tension of water—0:07 Nm] 


32. 


33. 


25 


36. 


37. 


38. 


39. 
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Find the difference of air pressure between that inside. and 
outside a soap bubble 5 mm in diameter. Assume surface 
tension to be 1:6 Nm™. [4.1.5.5.Е. 1979] 
A liquid drop of diameter 4 mm breaks into 1000 drops of 
equal size. Calculate the resultant change in the surface energy. 
(Surface tension of liquid—0:07 Nm ^) [D.S.S.E. 1979 Compt.] 


Calculate the work done required to break a spherical drop of 
liquid into eight drops of equalsize. Express the result in 
terms of the radius of the large drop R and the suface tension 
of the liquid c. [D.S.S.E. 1980 Compt.] 


Calculate the work done in blowing a soap bubble of radius 
5 ст. Surface tension of soap solution=3 x 10 3 Nm". 
[D.S.S.E. 1982] 
What should be the maximum average velocity in a tube of 
diameter 2:0 cm so that the flow is laminar? The viscosity of 
water is 0:001 Nm™. [D.S.S.E. 1985, A.L.S.S.E. 1981] 


U-tube with limbs of diameter 5°00 mm and 2:00 mm. contains 
water of surface tension 70x 1073 Nm'!, angle of contact is 
zero and density is 1'Ox10? kg m *. Find the difference in, 
levels (g— 10 ms ?). [D.S.S.E. 1984] 
A U-tube is such that the diameter of one limb is 0'4 mm and 
that of the other is 0'8 mm. Find the difference in the level of 
water in the limbs (s —0'07 №2). 


A capillary tube of radius 2:5 mm stands. vertically in a cup 
containing a liquid of surface tension 0:035 Nm™>. If density 
of liquid is 8 g/cc. and angle of contact is 0, find the rise of 
the liquid in the capillary. 
What should be the radius of the capillary tube So that water 
rises to a height of 4 cm in it (с=0'07 Nm 2) ? 
A liquid in a capillary tube of radius 2 mm. rises 6 mm. If 
“Һе surface tension of liquid is 0:042 Nm ^, find out the density 
of the liquid. 
At what speed will the velocity head of a stream of water be 
equal to 40 cm ? 
i i f 5cm in a certain capillary tube. In 

Water rises to height o OMEN, surface M depressed by 

“54 cm. Compare the surface tension of water and mercury. 
( Density of ops g/cm? and the angle of contact for 
water is 0 and for mercury is 130 ). 


А mercury barometer's tube is 4 mm in diameter reads 762 cm. 
Calculate the error in reading due to surface tension of 
mercury. (Density of mercury is 13°6 g cm”, angle pf contact 
is 140? and surface tension is 0:490 Nm). 
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45. 


46. 


47. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


5s. 


Water stands at a depth ‘h’ in a tank whose side walls are 
vertical. A hole is made on one of the walls near the bottom 
of the tank. Find the velocity of the emerging stream. 
(Assume that the speed of water at the top is zero). 

[D.S.S.E. 1980 Compt.} 
A what distance from the foot of the tank does the emerging 
stream of water from a hole in the tank strike the floor if 
height of tank, full of water, is 5 m and the hole is 1 m below 
its top. 
What is the speed with which water flows from a small hole 
4'9 m below the water level in a full tank which is 5 m high ? 


A glass tube of 1°4 mm bore is dipped vertically into а con- 
tainer of mercury 1 cm below the mercury surface. What 
must be the gauge pressure of air in thé tube to blowa hemi- 
spherical bubble at its lower end (с for mercury=0°49 Nm"). 


A steel ball of diameter 4 mm falls through a liquid of density 
l2g/c.c. Find the terminal velocity of the ball. (Given 
density of steel—8'2 g/c.c., coefficient of viscosity for liquid= 
8'4 poise and g—980 cm s7). [D.S.S E. 1980 Compt.} 
Calculate the terminal velocity of ап air bubble of radius 05 
mm rising in a liquid of viscosity 0:15 Nm"? s. Density of the 
liquid —9 g/c.c. 
Determine the radius of a drop of water falling in air if the 
terminal velocity of the drop isl'2cms'!. (Coefficient of 
viscosity for air=1°8 x 1073 PaS, density of air—1:3 kg m7). 
A pilot tube is mounted on an aeroplane wing to measure the 
speed of the plane. The tube contains alcohol and shows a 
level difference of 40 cm. What is the speed of the plane 
relative to air (Assume specific gravity of alcohol — 0'8 and 
density of air=1 kg т^). 
Calculate the speed at which the velocity head of a stream of 
water is equal to (a) 50 cm of Н.О, (b) 50 cm of Hg. 
Prove that the initial acceleration of a sphere of density ‘P’ 
dropped from rest into a liquid of density c is given by 
(P—o) 
CL a 
Eight spherical rain drops of equal size are falling vertically 
through air with terminal velocity of 0'01 ms“. What would 
be the velocity if these 8 drops were to combine to form one 
large spherical drop ? [D.S.S.E., 1980] 
An air bubble of diameter 2 cm is allowed to rise through а 
long Cylindrical column of a viscous liquid and travels at tbe 
К Ae 021 cms. If density of liquid is 147 g/c.c., find the 
efficient of viscosity (Neglect the density of air). ` 
[D.S.S.E., 1979] 


61. 


62. 


63. 


67. 
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A. water drop is observed to fall through a fluid of density of 
1 kgm-? with a constant velocity of 111 01571. What is the 
radius of the drop ? [Viscosity of fluid—2 x 1075 PaS]. 

Two drops of water of same size are falling through air with 
terminal velocity of 0'5 ms™. If they coelesce to form a big 
drop, what will be the new terminal viscosity ? 

If the maximum speed of flow of blood through a capillary of 
radius 3'0 X 107% m and length 2 mm is 5x 1074 ms", calculate 
the pressure difference at its two ends. [The viscosity of blood 
is 4x10? PaS]. 

Blood flows in a capillary of radius 1X 107? m and length 1:5 
mm at a speed of 0'5 mm 571. The pressure difference between 
the ends of the capillary is 450 Nm7*. Calculate | 
(a) Volume of blood flowing per second; and 

(b) Work done per second to maintain this flow. 

The water entering a house flows with a speed of 0720 057 
through a pipe of 2:4 cm inside diameter. lf the pipe tapers to 
a diameter of 6 mm, what is the speed of water at this point ? 


Water enters the filter pump at a pressure of 1°5X 105 Nm? 
at a rate 0:18 m? min. The cross-sectional area of the pipe 
is 4:00 cm?. What should te the cross-sectional area of the 
constriction to achieve pressure as low as 3X 10* Nm? ? 


Water is escaping from a cistern by way of horizontal capillary 
tube 110 cm long and 02 mm in diameter at a distance. 40 cm 
below the free surface of in the cistern. If coefficient of 
viscosity of water is 0'001 PaS, calculate the rate of flow of 
water. 

Find the velocity of efflux of water from a tank in which 
pressure of water is 500 Pa. 


Find the velocity of efflux of a liquid of det 
from a tank, in which the pressure of the liqui 
480 Nm 2. 


A metal plate 5 cm square is placed on a 0:5 mm. thick castor 


oil layer. Ifa force of 22500 dyne is рс 9 AN the piate 
i i -1 calculate coefficient of viscosity 0! 
with a velocity of 3 cms’, calcu (panied. 1987} 


castor oil. 


of density 800 kgm 
d at the orifice is 


t i elocity of a rain drop of radius 03 mm. 
Calculate the terminal vi y Ol e aO BUS, density 


fficient of viscosity of air— 
E AUTO ES, density of water—1000 kgm and g—9'8 
ms. [D.S.S.E., 1981, 1986] 
Water flows in a p. 


ment of a building. 
second floor with the 


ipe of diameter 2:00 cm located in the base- 
The pipe rises to a height of 11 m to the 
diameter of the pipe tapering to 1°00 cm. 
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69. 


70. 


71. 


72. 


73. 


74. 


Find the water pressure and the velocity in the pipe at the 
second floor, when the water pressure and velocity at the base- 
ment are 2x 105 Nm'? and 10 cms™ respectively. 


OBJECTIVE TYPE QUESTIONS 
20 water drops merge with each other to form a larger. drop. In 
this process energy is { 
(a) absorbed 
(b) liberated E 
(c) neither absorbed nor liberated 
(d) released as a conversion of mass. [D.P.M.T., 1982] 


Soap helps in cleaning of the clothes because 

(a) Chemicals of soap changes T 

(b) It increases the surface tension of solution 

(c) It absorbs dirt 

(d) It lowers the surface tension of solution. [D.P.M.T., 1983] 


Surface tension is defined as 

(a) work done in increasing the area of the surface by unity 

(b) force on unit length of an imaginary line on the surface 
of a liquid towards interior of the liquid 

(c) the free energy of the surface 

(d) none of them. [D:P.M.T., 1983] 

When the temperature of a liquid increases, the angle of 

contact of the liquid 

(a) increases 

(b) decreases 

(c) remains the same 

(d) first decreases and then increases. [D.P.M.T., 1983] 


Small liquid drops assume spherical shape because 
(a) of gravitational force 
(b) atmospheric pressure from all sides 
(c) adhesion t 
(d) liquid surface tends to have minimum surface. 
[D.P.M.T., 1983] 


An iron needle placed gently over the surface of water floats 
because of 


(а) iron is lighter than water 
(b) viscosity of water 


(c) surface tension of water 
(d) Buoyant force equals to the weight of the needle. 


T5. 


76. 


77. 


78. 


79. 


30. 


81. 


82. 


83. 


84. 
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А liquid drop breaks into a large number of drops. The tem- 
perature of the liquid drop У 


(а) іпсгеаѕеѕ (b) decreases 

(c) remains the same (d) none of them. 

Terminal velocity is achieved when 

(a) viscous force becomes equal to force causing the motion 
(b) viscous force becomes zero 

(c) viscous force becomes equal to the weight of the body 


: (d) none of them. 


When Yamuna flows from open area through the space bet- 
ween the pillars of Yamuna bridge, its velocity 


(a) decreases (b) increases 

(c) remains the same (d) none of them. 

The drying of hands by a towel is due to 

(a) capillarity (b) viscosity 

(c) evaporation (d) surface tension. 

When some detergent is added to water, its surface tension 
(a) increases (b) decreases 

(c) remains the same (d) none of them. 


Choose the one which does not involve capillarity 
(a) absorption of ink by blotting paper И 


(Б) rising of oil in a wick 


(c), spray painting 
(d) bunsen burner. 


Choose the one which does not involve Bernoulli's theorem 


(a) spray painting (b) oil rising in a wick 
(c) lifting of aeroplane (d) bunsen burner. 
The excess pressure inside a soap bubble is 

i (6) = 
(a) 4o y 

с 

o 2°. @) = 
Angle of contact for pure water and clean glass is 
(a) 0 OE 
(c) 8° (d) 18°. 
Angle of contact for silver and pure water is 
(a) 145° (b) 90 


() 45° (a) 18°. 
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91. 


When a capillary tube is dipped in a trough of mercury, the 

mercury---~-in capillary due to...... 

(a) rises, surface tension (b) falls, viscosity 

(c) falls, surface tension ~ (d) rises, viscosity. 

It is easier to swim in sea water than that in river water because 

of 

(a) sea water has more density 

(b) sea water has less density 

(c) sea water has salt 

(d) sea water is more displaced. 

Heavy iron ships can float on water while a piece of iron sinks 

down. It is because of 

(a) ship has less density than piece of iron 

(b) ship displaces less amount of water than that by piece of 
iron 

(c) ship displaces much more amount of water than 
that by piece of iron. 

(d) the weight of water displaced by ship is equal to its 
weight. 

If weight of a body of 50 g is equal to the buoyant force acting 

onit. The apparent weight of the body is 


(a) 49000 dyne (6) 100 g 

(c) 50g (d) 0. 

The density of pure water at 4°C is 

(а) 1000 kg m^? (b) 100 kg m= - 
(с) 10 kg m^? (d) 1 kg m=. 


A body of mass 2kg weighs zero wh qe j 
water. Its density is р when fully immersed in 


(а) 1000 g cm? (b) 100 g cm? 

(с) 10 g cm? (d) 1 g cm™. 

if а person is standing close to a fast moving train. He is likely 
o fa 

(a) away from the train 

(b) towards the train 

(c) in the direction of the train 

(d) uneffected. 


o0 
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Properties of Gases 


IMPORTANT FORMULAE 


1. Root}meanjsquare velocity of the molecules of the gas, 
се у снег -Са? 


3P 
P 
where P= pressure of the gas 
p— density of the gas. 
2. Pressure of a gas, 


iL Wises 
AC 
vc 


M= Mass of the gas 
V=Volume of the gas 
Ci—Mean square, velocity of molecules of 
the gas. 
3. Boyle’s law, P,Vi=P.2Ve; 
P, and P,=Initial and final pressure 
М, and V.=Initial and final volume. 


4, Charle’s law, 
Va | Ve. 


LT. 
T, апа T;—Initial and final temp. in Kelvin. 


5. Pressure law, 


Py а ш 
Ti T: 
PV=nRT ; 


6. Gas equation, 
p=Pressure of the gas 


R=Gas constant=8'31 J mln K^ 
T=Temp. in Kelvin. 
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7. "Thermal velocity (r.m.s. velocity) of gas molecules, 
CS: SRE 
™ 
M=Molecular weight of the gas. 
8. Energy per gram mole of a gas, 


9. Boltzmann's constant, 
>R 
K= ГЕ 
N=Avogadro’s Number 
=6°023 х 102° mole“ 
10. Graham’s law ; 


ү 
Ca P1 
Cı, C.=rate of diffusion 
P3, Pa= density. 
1. C,—G-—R: 
C, — Molar specific heat at constant pressure 


C,=Molar specific heat at constant volume. 
1. Cc VT 


SOLVED EXAMPLES 


Example 1. If three molecules have velocities 0°5, 1 and 


2 km/s respectively. Calculate the relation of the root mean square 
speed and the average speed. 


Solution. Average speed, 
c= озо 


=12kms? 
Root mean square speed, 
c= QE DM 


=1'35 kms? 
10: qu. 
IG Es 25:7 


Example2. Using the ideal gas equation. determine the value 
of R. (one gram molecule ofa gas at S.T.P. occupies 224 litres). 
[DSSE 1978] 
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Solution. | P—76 cm of Hg (at S.T.P.) 
—0'76 m of Hg 
=0°76 (13:6 х 10°) x 98 C P=hdg) 


— 1۰013 x 105 N/m? . 
V—2244 litres—-224 X 10-3 тз. 


and T=273 K 
By PV=nRT, 


_ 1013 x 105x224 X 1073 
1X273 
=8'31 J mole K=. 
Example 3. Calculate the root mean square velocity of the 
molecules of air at 27°C. 
Solution. Air pressure at N.T.P. 
P=hdg="76 x (13:6x 103) x 9:8 
=1°013X 105 N/m? 
and density, р=1`293 kg m-? 
Root mean square speed at N.T.P., 


c= لہ‎ 


3x 1-013 x10 
TN STET ER 


—4'848 x 10* ms! 

=0°485 km s 1 
à C=0°485 km s7? at T=273 K 
Let the root mean square speed at 27°C be GS then, 


T'—21--213— 300 K 
By © = ur. 
c= 1575 E x 0485 
= 0508 i 5—1 


Example 4. (a) Calculate the root mean square speed and 
mean K.E. o one i gram molecule of hydrogen at S.T.P., given that 


the density of hydrogen is 0:09 kg m ?. 

(b) Calculate Avogadro's number given that the mass of à mole- 
cule of hydrogen is 3* 34x102" kg. 

(c) Calculate Boltzmann’s constant. 
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Solution. (a) At S.T.P., 
P=0°76 x (13°6 x 108) x 9:8—1:013 x 105 Nm^? 
T=273 K 
and p=0'09 kg m^? 


ЗР. 
ы c4 
се [тоза 1013X 10° _ 1-837 10° ms 
0709 


=1:837 km 5—1 
Now we know for H, molecule, 
m-—2:016 g—2:016x 103 К, 
do K.E.—1 mc . 
={х2`016х 107? (1:837 x 10%)? 
—3387 J. 
(b) Avogadro's number, 
N= 0:002016 
3:34 x 10717 
— 6'036 x 1022 molecules. 
(c) R—831J mole“? K^? 
and N=6'036 x 102° molecules 
R 
EN 
831 
~ 6036x 105 
=1°377X 10-8 J mole К-!, 
Example 5. Calculate in calories the specific heat at constant 


volume fora monoatomic gas and also its specific heat at tant 
pressure. (Given Е=8'31 J mole k^! and J=4'18 Jjcal). cons 


Solution, For a monoatomic gas, sp. heat at constant volume, 
с=з R 
2 


C, (in cal.)— 77 


і —2:982 cal mole! k^! 
pe С,=(С,+К/Ј) 200€. 6,-C,—R[J) 
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5 R 5х831 


=4°97 cal mole? k7, 

Example 6. Calculate the temperature at which the nitrogen 
molecules will have the same r.m.s. velocity as the hydrogen molecule 
at 127°C. (Molecular weight of nitrogen is 28 and thut of hydrogen 
is 2). 

Solution. We know, 


NES 
B M 
3R Tx 
Сх= Mx 
ЗЕТ 
апа Cx= Ma 
But Сх=Сн 
lir. om 
My Mn 
Tx— Mx Ta 
2 
= ors 127) 
Tx=-5600 K 
=(5600—273)°C 
= 5327°C. 


Example 7. One gram molecule of oxygen at 17°C and one 
cipmiospheric pressure is enclosed in a vessel (a) Assuming molecules to 
Le moving with Crew, find the number of collisions per second which the 
molecule make per unit area of the vessel wall. (b) The vessel is 
thermally insulated and moved with a constant sped Vo. It the: 
stopped, the process result in the rise of the temperature by 1° 


Calculate the speed Vo. ПІТ. J.E.E. 1983} 
Solution. (a) Pressure of the gas in vessel, 
P=n (2 mCyms) 
where n=No. of collisions per unit area per sec. 


of the vessel wall. 


(2m Crms)=change in momentum of one molecule 
in one collision, m being mass of a 
molecule. 


2м 
Now fn—N 
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and 


and 


TE 
PN 


^ "= 2 GRIM} 
Now Р=1`013х 148 N/m?, 
` N=6:023x 10° per kg mole 
R=83: J mole? k^, 
T=(273+17)=290 K 
M=32 g=032 kg. 
(1:013 x 105) (6:023 x 102%) 
n= 2 (GX 831X290 x 032)" 
=2 х 10% collision per т? per s 


(b) Vos Cms A5 


i 3RI 2 
т Х 


M T 


R 
у= 


En 6х8:31 
*032 

=39:47 ms. 

EXERCISE 10 
Four molecules have velocities 0'5, 1:2, 1'5 and 2755 kms ?. 
Calculate the average speed and root mean square speed of the 
molecules. 
If 5 molecules of a gas have velocities 0'6, 0:9, 1:0, 2:0, 2:5 
km s^! Calculate the relation of the average speed and the 
root mean square speed. 
If three molecules have speed vi, v; and v, respectively, then 
what will be their average speed and the root mean square 
speed ? 1A.L.S.S.E. 1981] 
Four molecules of a gas have speeds 2, 4, 6 and 8 kin/s respec- 
tively. Calculate their (а) average speed, (b; root mean square 
speed. [4.1.$.$.Е. 1982] 
Calculate the root mean square velocity of hydro,en gas at 
МЛР. (density of hydrogen—0:089 kgm). 
At what temperature will the r.m.s. velocity of hydrogen 
molecules be double of its value at N.T.P. ? 


Calculate the mean square speed of th v 
e peed of the oxygen molecules a 
(а) N-T.P. (b) 37°C (density of охуреп=1:424 kg m ®). 


20. 


21. 


22. 
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Calculate C; and С» for Argon. (Given R=8°3 J mole"! k^! 
and J—4:18 J/cal.) 

Calculate C, and C, for Hydrogen. (Given R—83 J mole 
k^! and J—47 J/cal.) 

If r.m.s. velocity of hydrogen molecules at S.T.P. is 1:84 kms“, 
what is the r m.s. velocity of oxygen at S.T.P. ? 

Calculate the temperature at which the oxygen molecule will 
have the same r.m s. velocity as the hydrogen molecules at 
27°C. (Molecular weight of oxygen is 32 and that of hydrogen 


' is 2). 


If the Avogadro's number is 6°06 10 per gram mole, what 
is the mass of a molecule of hydrogen in 5.1. unit? Calculate 
Boltzmann's constant if R=8'3 J mole! К 4? 

[A.I S.S.E 1980] 
Calculate the r.m.s. velocity of hydrogen at N.T P. Density of 
hydrogen is 0:089 kg/m* and normal pressure is 1'01X 105 
N/m*. 
Find the root mean square speed of argon molecules at 60°C, 
given that the r.m.s. speed of oxygen molecules is 0420 kms * 
at 1092 К. Molecular weight of oxygen and argon are 32 and 
40 respectively. (A4.1.S.S.E. 1986] 
At what temperature will the root mean square speed of a gas 
molecules will be half of its value at 0°C ? 
Calculate the volume occupied by 6°4 р of oxygen at 76 cm of 
Hg at 27°С. [R—8331 J mole! k7]. 
Calculate the ratio of specific heats for nitrogen, given that the 
specific heat at constant pressure is 0235 and density at МЛР. 
is 1234 g/litre. 


- Calculate the root mean square speed of hydrogen at 127°C. 


Mass of a hydrogen molecule is 3:34X 10 ™ g and Boltzmann's 
constant is | 38X 10—23 J/mole/k. 
Calculate the difference in specific heats ofa gram of helium 
gas. The molecular weight of helium=4 g mole. 
Calculate the K.E. of the molecules in 10 £ of ammonia gas at 
20°C. Molecular weight of ammonia 15 17°03 g 

OBJECTIVE TYPE QUESTIONS 
Four molecules have speed, 1 kms, 2 kms, 3 kms” and 
4 kms”. Their average speed is 
(а) 1:5 kms? ` (b) 2kms-? 
(c) 2:5 kms? (d) 2/7 kms”. 
Four molecules have speed 1 kms}, 2 kms“, 3 kms"? and 
4 kms-!, Their root mean square speed will be 
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23, 


24. 


25. 


26. 


27. 


28. 


(a) 1:5 kms (b) 2kms-! 

(c) 2:5 kms (d) 27 kms". 

The postulates of kinetic theory of gases were given by 
(a) Planck ` (b) Clausius and Maxwell 
(c) Bohr (d) Avogadro. 

For one gram mole of a triatomic gas, the value of Cvis 
(а) 9/2R (b) 7/2R 

(c) 5/2R (d) 3/2 R. 

The number of degree of freedom of oxygen is 

(a) 2 (b) 3 

(c) 4 ' (d) 5. 

The unit of Boltzmann's constant is 

(a) Joule mole? к-1 (Б) Joule ki 

(c) Joule mole (d) Joule. 


When the absolute temperature ofa gas becomes four times, 
the r.m.s. speed of the gas molecules will become 

(a). one-fourth (b) one-half 

(c): double (d) four times. - 


If pressure in a closed vessel is reduced by drawing out some 
Баз, mean free path of the molecules 


(a) is decreased (b) is increased 

(c) remain unchanged 

(d) increase or decrease depending on the nature of gas. 
[B.H.U. 1983] 

Pressure exerted by a perfect gas is proportional to the 

(а) mean square velocity of the gas molecules. 

(b) root mean Square velocity of gas molecules. 

(c) total kinetic energy of all the molecules in a unit volume 


of the gas. [А.1.1.М.$. 1983] ` | 
At absolute zero of temperature 


(a) The molecular energy is minimum and not zero. | 
(b) All the molecules come to rest and have zero energy. 

(c) Р.Е. is zero. 

(d) Molecules travel faster, [D. P. M.T. 1982] 

Moon has no atmosphere because 


(a) R.M.S. velocity of all gases is more than the escape velo- 
city from moon’s surface. 


(b) Its surface is not smooth. 
(c) It is quite far away from the earth. j 
(d) It does not have Population of plants. — [D.P.M.T. 1983] 


32. 


33. 


34. 


35. 


36. 


37 


38. 


39. 


40. 
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The .thermal capacity of 40 g of aluminium having specific 
heat 0:2 is $ 0 

(а) 0'4 cal (b) 8 cal 

(c) 160 cal (d) 4000 cal. — [D.P.M T. 1982] 
Specific heat at constant volume for one gram mole of a diato- 
mic gas is equal to 


(a) R А (b) 3/2R 
(с) 5/2 R (d) 1/2 В. [D.P.M.T. 1984] 
Which of the following ebey both Charles' and Boyles' law ? 
(a) Saturated vapour (Б) Unsaturated vapour 

(c) Both (d) None. [D.P.M.T 1984] 


A gas in a container A is in therm«l equilibrium with another 
gas of the same mass in contdiner B. If we denote the corres- 
ponding, pressures and volumes by the suffixes A and B then 
which of the following statements is most likely to be true ? 


. (a) Р^=Рв, Va#Vs (b) PazÉP», Va— V» 


(d) PAVA—P»Vs. 

s [4.1 I.M S. 1982] 
We have a jar A filled with a gas characterised by the para- 
meters P, V, T and anotheras B, filled with parameters 2P, 
4V and 2T, where the symbols have their usual meanings. The 
ratio of the number of molecules of jar A to those of B is 
(a) 4:1 (b) 2:1 
(c) 1:2 (d) 1:1 [4.1.1 M.S 1982] 
A ga$ is heated from 27° to 327°C. As a result of the increase 
in temperature, the average K.E. of the molecules is 
(a) halved (b) doubled 
(c) increased by a factor of ¥2 
(d) quadrupled. [В.Н U. 1983] 
The temperature at which the kinetic energy of a gas will be 
half of that at room temperature 27°C is given by 
(a) 123°C (b —123°C 
(с) 27°C (d) 135°C [C.P.M.T 1988] 
At which temperature velocity of Os molecule will be equal to 
velocity of Ns molecule at 0°C. 

(a) 40°C ‚ (b) 93°€ 
(c) 39°C (d) cannot be calculated. 
[C.P.M T. 1988] 


In an ideal gas the collision between the molecules is teken 


(c) Pa/Va=Po/Ya 


to be ae 
а) perfectly elastic imaginary 
0 Preig inelastic (d) none ef the above. 

4 [C.P.M.T. 1988] 


Od 
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Heat and Thermodynamics 


IMPORTANT FORMULAE 
Amount of heat gained or lost by a substance, 
AQ-mS AT ; m=mass of substance 
S=specific heat of substance 
AT=Rise or fall in temperature. 
Specific heat at constant volume, 


_ AQ 

C= “AT 
Coefficient of linear expansion, 
къл, 

LAT 


Length at °С, L:=L, (1+ at) L,— Length at 0°C 
Coefficient of cubical or volume expansion, 
me ДУ, 
87 V AT 
Volume at /°С, Vi=V, (1+8t) 
Relation between a and В, 
В=3а 
Coefficient of thermal conductivity (K) is given by 
AQ AT 
Aum EA In 
Pull on a clamped rod when it is cooled, 
F=YAa, AT 
Temperature in Kelvin, . 
T=(t+273) ; t—temperature іп °C 
Joule's law, W-—JH ; 
W- Work done— mgh or 3 my? 
J— Mechanical equivalent of heat —4- 18 J/cal. 
H=Heat produced | 
=msAT or mL or sum of the two 


Vo— Volume at 0°C 
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12.. First law of thermodynamics, 
AQ=AU+AW ; 
AQ=Heat absorbed 
AU=Increase in internal energy . 
AW=Work done 
13. In isothermal expansion of a gas (T=constant) heat absorbed 
by the gas is the same as the work done by the gas. There is 
no increase in the internal energy of the gas in this process. 
V. 
AQ=AW=nRT log, EUR ; 
n=No of moles 
R=gas constant—8:31 J mole "K~ 
T-constant temp. of gas in Kelvin 
V,=Final volume of gas 
V,—Initial volume of gas 
14. Inan isobaric process (P=constant), work done by an expand- 
ing gas is given by 
j s W=P(V;—Vi) 
15. In an adiabatic expansion of a gas (Q=constant), 
РУ? —constant 


and TV*-! —constant 
The work done is given by 
w- (P,V,—P1Vi), 
(=1 
_ ©» 
where ї= CE 
16. The efficiency of a heat engine is given by 
BAWA. 
7 Ош 


W=useful work ; 
Q,=heat extracted from source at constant 
temp. Tı 


— heat rejected to sink at constant tempe- 
rature Ta (T? «T;) 


Т, 
cele m 
or 3 (: т) 
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(Note. It is supposed here heat engine is working in a rever- 
sible cycle for which 


Qa T. ) 
Q T, | 
17. The coefficient of performance of a refrigerator, ' 
(а) cop. = 2; 


Q;,—Heat removed from inside of refrige- 
rator at constant temperature T; 
W=Work done 
EQ 
=Q) 
Qı=heat rejected to outside atmosphere at 
const. temp. T, 
T: 
~ (TST) 
SOLVED EXAMPLES 
Example 1. Consider a steel bridge 300 m long ina locality 
Where temperature varies from 263 K to 303 K. Find the change in 


the length in the bridge for the above variation in temperature. (a for 
steel=]1 x 10-5 K>), 


Solution. Change in length, 
Al=al AT 
—11X10-7*x 300x (303—263) 
=132 10-3 m-—132'cm. 

Example2. 4 circular hole of diameter. 12 cm,is drilled in a 
brass sheet at 290 K. What will be the diameter of this hole when the 
sheet is heated to 410 К. (a for brass is 18°; x 10-* К-1). 

Solution. Final diameter—/ (l+a AT) 

=12 [14-187 x 10-5 (410—290)] 
=12 (1--0:002244) 
—12:027 cm. 

Example 3. What should be the ratio of the lengths of brass 
rod and iron rod at 0°C so that the difference between their lengths 
may remain the same at any other temperature. (а Sor brass and iron 
—18X 10-* and 12x 107% K- respectively). 

Solution. Неге Дулу’ 


haAT—[I'yo! AT 


ha 
ly E a 
12x 10-6 
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Example 4. 4n iron ball whose diameter is 10 cm rests upon 
a brass ring whose internal diameter is 9°9 cm, both being at 0°C. 
To what temperature must both be heated in order that the ball may 
Just slide through the ring. (а for brass=18X10-* and a for iron 
= I2X I0-* K^ respectively). 
Solution. Let г°С be the required temperature 
For iron ball, 
=h (1-+a.AT) 
=10 [1+12x 1075 (1—0)] 
—104-12x 10757 0 
For brass ring 
I't=I'y (1--a^ AT) 
—9'9 [1+18 X 10-* (7—0)] 


—9'9--17:82 X 10757 (її) 
‘But MWh c : 
27. 9'94-17:82х 10757— 104-12 10757 
01 os 
t= Sexo. =1718:2 °С. 


Example 5. A rectangular block of height 40 cm has its top 

60 cmx 80 cm. When its base is fixed rigidly, its top is sheared by 

5 em parallel to the fixed base by a tangential force of 15 kg wt. 
Calculate (a) Stress, (b) Strain, (c) Shearing modulus. 

Solution. A=60 cm X80 cm=0°6 mx0:8 m—0:48 m? 
F=Mg=15x9'8=1470N 


E 
Stress — vx 


147 ү 
== ——— —306:25 Nm? 
0:48 3 
, S bs 
Strain— a ҮЛЕ 


Shearing modulus, 
Stress 


Strain 
_ 30625 2.45 x 10° Nm”. 
~ 0125 
1 hollow brass sphere with internal radius 2:1 
cm MS 100°C. Calculate increase in its volume. (a 
for brass=18 X 10-9 °C 3). 


Solution. Verde p 
=з XF Q 138808 ст", 
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8—3 4—3Xx18x107*—54x 10-5 °С-1, 
AT=100—0=100 °C 
Increase in Volume, 
AV—BVAT 
=54 X 1075x 38:808 x 100—0:209 cm?. 
xample 7. Or heating a glass block of 10,000 cm, from 


E 
25*C to 40°C, its volume increases by 4 cm. Calculate coefficient of 
linear expansion of glass. 


Solution, V=10,000 cm? 
AV=4 cm? 
AT=40—25=15°C 
AV 
V.AT 
rer УУ RA Еа 
В= 0000157 772667 x 10"* *C- 
Now a= £ 
26°67 x 107° 


=8°89 x 10-8 °С-1, 
‘ Example 8. An aluminium plate of area. 20 cmx 15 ст and 
thickness 1 cm has one face kept at 100°C and the other face at 20°C. 
If flow of heat through this plate is I0 Kcal 571, calculate cocfficient 
of thermal conductivity of aluminium. 


А AQ Ax 
1 ; ЕЕ 0440 
барса DAAT 
x 10,000 x 1 
© 1X20x 15x (100—20) 
=0°4167 cal. cm~? 5-1 Yoh 
Example 9. А layer of ice 10cm. thick is formed ona pond. 
The temperature of air is —10°C. Calculate how long it. will take for 
the thickness of ice to increase by 1 mm. (Take density of ice=], K 
for ice0:005 cal. cm~} g-1 °C™, Latent heat of ice 80 ‘cal g^), 
Solution. If A cm? be the area of 1 mm thick ice layer, its 
mass, m-—(Ax01)x1 8—0'1A g 
DE AQ -—mL--(A.x0:1) X 80—8A cal. 
Now we know, . 
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8AX10 · ч 
= 0005хА x[0—(— 10) 1600 5 
—26 mt 40 S. 
Example 10. Heat is conducted through a slab of two layers 
of different materials of thermal conductivity K, and K, and thickness 
xı and x, respectively. A is the area of cross-section of each plate and 
the temperatures of outer faces of the slabs are 0, and bo. Drive an 


expression for (a) the rate of flow of heat and (b) the temperature of . 
common face between two layers. 


Solution. The rate of flow of heat 30 will be same through- 


out the two layers of slab. Let [A 
face between the two layers. 


For first layer, 


be the temperature of the common 


At 1 
1-0) = x (0 
For second layer, 
TSKA zzi ХО 
^. (05—0,) = 20. га 02) Ө sy 


(a) Adding the two expressions 
for 0, we have 


(0; —8,)-+ (03—02) 


Rate of flow of heat, 


ле A(—99 | 
Dos Talkak | 99) 


(b) From expression (2), we have 
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4 AQ A 3 ave 
Now putting the value of KF from expression (3), we hav 
__A (0, —6,) IET 0 
i (2.2 ea К. а 
KUAK: 


| 
x x: 
(* E tee) 
AE KS KG, 
Xp (Xa 
GE ex) 


Example 11. Compare the density of lead at 80°C. and —80°C 
(a for lead=2°8 x 104 °C-1). 


Solution. We know volume of a material at /°С is given by 
Vi=Vo(1-+B:) 


m m 
di dy (14-8) 


0,— 


or 


8—3a—3x2:8x 10:*—8:4x 10-8 °С-1 
O ee 
M 1o 8'4x l0-*x(80) = 1*000672 
а= 2027095 57. RM T NN 
CU 184x1080) = 0999328 
dao 0:999328 mentor 
d, 1000672 —09986 
Example 12. 4 cubical hollow copper box of 11 cm outer side 
and 0'5 cm thickness is completely filled with ice at 0°C. It is comple- 
tely immersed in a hot water bath at 100°C. How much time will it 
take to just melt whole of the ice in the box? (K for Cu=0'9 cal 
cm" 5—1 °C- atent heat of ice=80 cal 8 5, take density of ice==0'9). 
Solution. Each inner side of cube=1 1—(0:5--0:5)—10 ст. 
rh A=6 times area of one face 
—6X10x 10—600 cm? 
Ax-0'5cm. 
K=0°9 
AT=(100—0)= 100°C 
Inner volume of cube, 


V=10x 10 10= 1000 c.c. 
Mass of icê in the cube—V x p 


771000 x 09—900 g 


AQ=mL : 

=900 x 80— 72x 10% cal. 
AT 
Ax 
AQ.Ax 
KA AT 

T2Xx10!x05  ,. 
=99x600x100 — 97 * 

Example 13. What volume of iron will haye the same thermal 
capacity as a litre of water ? The specific heat of iron is 012 and its 
specific gravity is 75. [A.I.S.S. (Comp.) E 1982] 

Solution. Mass of 1 litre of water 1000 g., 

sp. heat of water]. 


Thermal capacity of water, c—m s ` 
=1000x 1—1000 cal. 


SAONE 
Now Ay =KA 


At= 


The mass of iron, 


ESSI 
1000 . 
-5 
m 
Now ) Мур 
1000 
=1012575 < 


=1111111 e. 


Example 14. The volume of a metal sphere is 107% m at 273 h. 
What would be its volume at 373 К? ( Coefficient of linear expansion 
of the metal —0:000018 per К). [A.L.S.S. (Comp.) E. 1985] 
Solution. AT=373—273=100 K 
8—32—3 x 0000018 
— 0:000054 per K 
Now final volume V'— V(I -+ BAT) 
— 1073(1-1-0:000054 x 100) 
— 10054 x 107*m?. { 
joule experiment two weights of 5 kg each 
fall a Ese ME э and orale a paddle wheel which stirs 
0:1 kg water. What is change in the temperature of water for 200 falls 
of weight ? (Water equivalent of calori meter=0°2 kg). 
"W-2Mghn 
—2x5x98x3x200 
W= 58800 Joule 


Solution. - 
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H=msAT+wAT 
= (041 x 1+0°2)AT 
=0°2AT kcal 

Now W=JH E 

e. 58800—4200 X0'3AT Г." J=4200 J/kcal] 

vs AT=46'67°C. 

Example 16. 4 stream of water is 500 m high. What will be 
the rise in temperature of water on striking the ground after falling 
Freely? Assume all the heat produced is used in heating water. 

(J=42 J/col and g==9'8 ms?) [D.S.S.E. 1983, 84 C] 

Solution. Letthe mass of falling water be m kg. Then 

W-—mgh 
—mx9'8x 500 
or W=4900 m Joule 
and H=msAT 
=m xX | x AT C. For water, s=1) 
H=mAT kcal ` 
Now J=4200 Joule/kcal 
<. By W=JH 
4900 m=4200 x mAT 
85 АТ 1:167°С. 
Example 17. From what height а piece of ice should be dropped 


50 that it may just melt completely on striking the ground? Assume 
that half of the heat produced is absorbed by ice. 


(L=80 kcal kg" and J=4200 J kcal!) 


cr 


Solution. W=mgh=mx9'8xh 
н. mx98xh 
J 4200 
7 mh 
d. = 3000 
But Heatabsorbed—4H —mL 
+ x iw =тх80 
80x 3000 x 2 
к= SUAISUUD AZ. 
7 Y 
=68571 m 
=68'571 km 


Example 18. A le 


velocity of 100 msi ad bullet weighing 20 g and moving with 


comes to rest in a fixed block of wood. Calculate 
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the heat developed and rise in temperature of the bullet assuming that 
60% heat is absorbed by the bullet. The specific heat of lead is 0'03.. 
m=20 g=0°02 kg 

-—imve 

=$x0'02 x 100° 

=100 J 

_ W100 =... 
HST SDT —23 8 cal 

60 3 
Н = __Н=— `8 cal 
eat absorbed 100 H 3 x23'8 cal 


Solution. 


Also Heat absorbed —msAT 
3-x23:8—20x 08x AT 

бо AT—23'8C. 

Example 19. 4n electrical drilling machine of 200 watt drill a 
hole in a metal sheet of 1 kg for 20 з. Calculate the increase in tem- 
perature of the metal. (sp. heat of metal —0:11) 

Solution. W=Pxt 
=200 20 
=4000 J 
‘H=msAT 
=1 X XAT 
= ЦАТ kcal 


Now = 
J 


on АТ=8`658°С. 
Example 20. Calculate the change in internal energy of a block 
of copper of mass 200 g when it is heated from 25°C to 75°C. 
Assume the change in volume as negligible. (Sp. heat of copper=0'1). 
Solution. AW = PAV= Px 0:=0 
AQ=msAT 
—200х`1 × (75—25) 
=1000 cal. 
AU=AQ=1000 cal= 1000 x 4:2 
— 4200 J. 
Example 21. 2g of ice at —10°C is made to melt to form 
water at 50°C. If the change in volume is negligible, calculate the 
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increase in. the internal energy of ice. (Sp. heat of ice—0'5 and latent 
heat of ice=80 cal g3). 

Solution. AW=PdV=P x0=0 

Heat will be gained by ice in 3 stages—(1) to increase its temp. . 


from —10°C to 0°C, (2) to convert into water at 0°C, (3) to raise 
the temperature of water from 0°C to 50°C. i 


AQ= msAT--mL--msAT 
—2x'5x[0—(—10)]--2 x 80-+ 
2Xx1x(50—0) 
=10-+160+100 
=270 cal. 
By AQ=AW+ AU 
AU=AQ 
=270 cal 
=270 x42 J 
=1134 J. 
Example 22. 1 g of water at 373 K is converted into steam at 
the same temperature. The volume of 1.c.c. of water becomes 1671 c.c. 


on boiling. Calculate the change in the internal energy of the system 
if the heat of vapourisation is £40 cal[g. [A.I.S.S.E. 1979] 


Solution. later is heated at constant atmospheric pressure 
and we know 


1 atmosphere —1:013 x 105 Nm-? 
P—1:013x 105 Nm~? 
Vi=1 c.c.—1079m* 
V,= 1671 ¢.c.=1671 x 10-5m3 
AW=P(V,—Vi) 
` —1013x 105(1671 zb 
=169°17 J 
= en cal. 
=40°3 cal. 
By AQ—AW--AU 
AU=AQ—AW 
==540—40°3 
—499"7 cal. 
Example 23. 4 steam engine takes steam from the boiler at 


500 К and rejects it to the air at 373 K. What is its efficiency ? 
Solution. Efficiency, 
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en SE d 
-( 1—2 )х100% 


127 р 
3 SOD LS 
=25'4%. 

Example 24. Ina refrigerator heat from insiderat 277 K is 
transferred to aroom at 300 K. How many joules of heat will be 
delivered to the room for each one joule of electric energy consumed 
ideally. 


Solution. We know 


Q: _ Т, 
Q Ti 
(Q—W) _ Ts 
Q Ti 
(Q,—1) _ 277. 
О, “300 
300 О,—300=277 О, 
300 
0.= 9+ 


Heat delivered to the гоот= 13'04 J. 


Example 25. 2 moles of an ideal gas kept at a constant tem- 
perature at 27°C are expanded from a volume of 2 litres to a volume 
of 5 litres. Calculate the work done in the process. . 

$ (R=8'31 Jmole? К!) 
Solution. T=(273+27)=300 k 
Work done, 


V, 
W-nRT loge (5 ) 


— (2x 8:31 x 300) loge (2) 


—(4986) X23 logie (2:5) 
— 4986 x2:3x0:3979 
—4563 3. ^ 
Example 26. What is the minimum power that must be sup- 
plied to a refrígerator that freezes 1:0 kg of water at 25°C into ice at 
0°С in a time interval of 4 minutes. The room temperature is 25*C. 
Solution. Qa=msAT+mL 
=1 x 1x (25—0)+1 x80 
Q,—105 kcal 
T,=0+273=273 К 
T,—25--273—208 K 
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Qu YT 
Q: T; 
98 
a= x105 
—112:96 kcal 
W-(Qi-Q9 
—(112:96—105) ' 
=7 96 kcal 
—796x 4200 J 
533432 J 
W 33432 
P= =axe0 1/9 
P—139:3 watt. 


Hxample 27 One gram mole of an ideal gas at S.T.P. ex- 
pands adiabatically to double its volume. Find the change in the 
internal energy in the process. 

Solution. For an adiabatic process, 

TV? 1= TV2 


(1-4-1) 
e 
1 


= (0:5) X273 
T= 204:7 K (Solved by log method) 
буе 
8`31(204`7—273) 
= 7(-r4) 
=1419J 
Since for adiabatic process, AQ=0, 
By AQ=AW+AU, 
‚ 0=AW+AU 
AU=—AW ) 
=—1419 J. 
So there is a decrease in the internal energy as the work is 
done by gas. 


Example 28 - In a refri he t eyar т 
А gerator the temperature of deep freeze 

is — 3°C. If the room temperature is 37°C, calculate the coefficient of 
Performance of ihe refrigerator. How much heat will be removed per 
second from its site : 


fora Supply of 200 watt. 
Solution, 1,—273--37—310 К 
and T,—273—3—270 K 
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*. The coefficient of performance of refrigerator, 
S ш. 
с.0р-= тт) 1 
E20 
= (310—270) 
ото 
SEUSEOM 
Now W-PXt 
5200 x 1—200 J 


Also сор.= 92 


E Q,—c.o.p.X W 
= 6°75 × 200 

, =1350 cal. 

Example 29. 4 reversible engine converts one-fifth of heat 
which it absorbs from source into work. When the temperature of the 
sink is reduced by 70°, its efficicncy is doubled. Calculate the tempe- 
rature of the source and the sink. 

Solution. 


or Q5 
Q 4 
A т, Q 
а, ш: 
Ti 5n. y M" 
T j (1) 


Let efficiency ( 1-7 (=+ ...)2( 
1 


In second case, _ З 

( 1-379 en gE 

Tı 

On dividing eqn. (3) by (2) 

Ti—Ts+70 2 ( T— Y) 

T; 
From eqn. (1) 
5 =0 
(£n-5)7 
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T,—350 K. 

Example 30. Calculate the work done when one mole of a 
Perfect gas is compressed adiubatically. The initial pressure and 
volume of th: gas are 10° Nm? and 6l respectively. The final volume 
of the gas is 2 1. Molar specific heat at constant volume is 2 R. 

- ПЛІТ. J.E.E. 1982] 


Solution. 
3 
C= By R 


M КД) ES 
C=C -R 7 R+R= 3R 


y= Ск RL 5 
CSRS 
For adiabatic process, j 
PV, =P, V, Y 


P,2 = 108 6* 
P= 10° (£ y 


: Р,= 105 35 
Now let х==35/3 


log х= 2 log 3= 3-0-4771 


or ` log x—0'7952 
f x=Antilog (077952) 
=6'24 
DE P,—624x105 Nm? 
Now Р,==10* Nm~, 


V,=6 [—6x 107? m? 
ў Va=2 1=2х 107? m? 
and y= 2 
Work done, : 
уу (В.Р; У.) 
Cas 
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.(624x 105x2x 10-°— 105 xX 6x 1075) 


5 
(3-1) 
6°48 x 10? J 
ES 
—972 J. 
Example 31. Calculate the work done by an expanding gas. 
If its indicator diagram is the one as shown in the Fig. 11.2 below. 


a 


P (in 105 Nn2) —> 
N [^] 


Q 3 2 3 4 5 6 
V(nltre) —> 
Fig. 11.2. 


Solution. Area ofthe indicator diagram is the measure of 
work done by the expanding gas. 
vA W —Area of Trapezium 
—j4sum of ll sides) x perp. distance bet- 
ween them 
=} (32-4)105x (6—2)10~ 
[ °." 1 litro=107* m*] 
=1400 J. y | 
Example 32. When a system is taken from ato с along the 
path abc, it р Td that Q=80 cal. and W=35 cal. If й is taken 
from a to c along the path ab'c, it is found Q—30 calories. What is 
W along this path? If W=—15 cal. Sor the curved return puth, what 
is О for this path? 
Solution. According to the first law of thermodynamics, let 
along the path abc, 
Q;—W;4(U,— Uo) 
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` 80—35--(U,—U,) 
d (Uc—U,)=45 cal, 
Let along the path ab'c, 
Q,=W,+(U.—U,) 
50=W.+45 


v — 


Fig. 11.3. 
t ‘Wa=5 cal. 
For return path ca, 


(Uc—U,)— —45 cal. 
By Q=W+(Uc—Usz) 

Q——15—45 

=—60 cal, 


EXERCISE 11 


The Yamuna bridge of Delhi is 800 m long. If the temperature 
in Delhi varies from 10°C to 45°C, calculate the change in the 
length of the bridge. (a for steel 11 x 10-* K^). 


2. What gap between steel tails 66 m long each should be left for 


the maximum increase of temperature of 50°С. (a for steel— 
11x10% °С-1). 


3. An iron rim 0:64 m in radius at 15°C is to be put on a wooden 
| w 


eel with circumference 4:072 m. Calculate the temperature 


upto which the rim should be heated. (a for Iron=12x 107° 
C+), Take n=3 14. 


A copper disc of 1 m diameter has a circular hole of radius 
10 em at its centre at 0°С. Calculate the radius of the hole if 
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the disc is heated to a temperature of 100°C. (a for copper— 
16x10 * *C33. 

A brass cube has its side as 10 cm long at 20°C. Calculate its 
volume if itis heated toa temperature of 60°C. (a for brass 
218501028 eG). 

An iron ball with diameter as 3 cm rest upon a brass ring 
whose internal diameter is 2:95 cm, both being at 0°C. To 
what temperature must both be heated in order that the ball 
may just slide through the ring. (a for iron=12x Jar 62 
and a for brass=18 x 1079 *C^?). 


A brass rod 50 cm long and.4 mm in diameter is heated from 
20°С to 90°C. Calculate the force needed to compress the rod 
back to its original length. (a for brass= ı8 x 107° °C™ and 
Y for brass=9 х 1029 Nm’). 

What lengths of copper and steel at 0°C must be used so that 
the difference between their lengths may remain 10 cm at all 
temperatures. (a for Cu=16X 107° *C-! and: = for steel— 
120410569692)? 


А rod of brass and another of steel differ by 12 cm in length 
at all temperatures Calculate the length of each rod at 0*C 
(a for brass 18 X 107° °C and a for steel=12 x 10-* °C). 


The difference of temperatures between outside and inside of 
a тоот is 10°C. Find how much heat is conducted per minute 
through a glass window of 0:8 mx 1O m anu thickness 2 mm. 
(thermal conductivity for glass=1 3x 1075 cal s+ cm? °C). 


А steel pipe is 20 m long at 0°C. Calculate its length when 


steam at 100°C is passed through it. (B for steel=36 x 10-* °C). 


An aluminium plate of 15 cmX !0 cm and thickness 2°5 cm 
has one side maintained at 100°C by steam and other side 2: 
25°C by running water. If the rate of flow of heat througa 
this plate is 2250 cal s7, calculate the coefficient of thermal 


' conductivity of aluminium. 


thick is formed ona pond in Kashmir. 
the air over the, pone is NT Calculate 
how long time it will take for the thickness ої Ice to increase 
by Imm (For ice L=80 cal g”, K=0°005 cal s? cm °С 
and take density of ice as 1). j 
Water is boiling in à rectangular aluminium tank the bottom of 
which is 3mm. thick. If water level falls steadily at } cm in 
3 minutes, calculate the temperature of the lower surface of the 
tank. (K for aluminium--0 5 cal s3 cm °C ; Latent heat 
of steam=540 cal 272). ; 


The inner volume of a hollow brass sphere is 400 c.c at 20°C. 
Calculate its volume at 400°C. (а for brass=18 x 10-* °C). 


A layer of ice 15 cm 
The temperature of 


NS 
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20, 


21. 


22. 


23, 


24. 


25. 


The volume of an iron sphere is 100 c.c. at 0°С. When its 
temperature is raised to 200°C, its volume becomes 100772 c.c. , 
Calculate coefficient of linear expansion of iron. 


A hollow spherical iron ball of internal radius 7 cm and thick- 
ness 2 mm. is completely filled with ice at 0°C and is immersed 
completely іп a hot water bath at 100°C. Calculate (2) how 
muck ice will melt in 1 s, (6) the time in which all the ice will 
melt. (for ice L=80 cal р, for iron K—0'14 cal s~? cm— °C}, 
take density of ice as 1 g cm™). Take ™=22/7. 

Heat is conducted through a wall 20cmx10 cm consisting of 
a 4mm thickness of copper and 8 mm thickness of aluminium. 
The temperature of the outer faces of copper and aluminium 
are 100°C and 70°C respectively. Calculate the rate of flow of 
heat and the temperature of the joint between copper and 
aluminium. (К for copper=1 cal 5-1 cm7 *C-! and K for 
aluminium—0'5 cal s73 cm-1 Ey 

Compare;the heat loss for an equal time interval through equal 
areas of a 2 cm thick wooden wall and 5 mm thick glass in 
window. (K for wood=0:00025 cal 5-1 сш! °C" and K for 
glass— 0:00125). 


[D.S.S.E., 1986] 
А metallic ball has a radius 9 cm at 0°C. Calculate the change 
in volume when itis heated to 90°C. (Coefficient of linear 
expansion of the metal= 12 x 107% S.I. unit), [4.7.S.S.E., 1986] 


In a Joule experiment two weights of 5 kg each fall through a 
height of 3m and rotate a paddle wheel which stirs 0°1 kg of 
water. What is the change in temperature of the water ? 


In a Joule experiment two weights each of 14 kg falls through a 
a height of 271 m and rotate a paadle wheel which stirs the 
water in calorimeter. If the Weights are allowed to fall 50 
times, calculate the rise in temperature of the water. (Water 
equivalent of calorimeter=7 kg) Е 


temperature. Assum 
1s Zero. 


In a Joule experiment two weights each of 3 kg fall through 
а height of 2m, If the weights fall 100 times and rise in 
temperature is 56°C, calculate the value of J. Water equivalent 
of calorimeter is 0'3 kg and water in it is 0'2 kg. 

The height of Niagra fal 
temperature at the to 


lis 50 m.: Calculate the difference of 
heat produced is abs 


P and bottom of the fall. Assume all the 
Orbed by water. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33 


34. 


35. 


36. 


Bin 
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The height of Bhakra fall is 210m. Calculate the difference 
of temperature at the top and the bottom of the fall and 
assuming that all the energy is used in heating of water. 


From what height must a piece of ice must be dropped so 
that it may just melt completely on striking the ground. 
(L=80 kcal kg, J=4200 J Kcal-1). 


А 175 g bullet moving with a speed of 500 ms“! becomes dead 
stop on striking with a target. -How much heat is produced ? 


A piece of metal (specific heat=0'03) is dropped from a 
certain height so that rise in temperature of the piece is 20°C. 
Calculate the height. (J=4:2 J cal 1). 


From what height must a body be dropped so that its tempe- 
rature increases by 0'2*C. Assume that only 30% heat 
produced is absorbed by the body. (Sp. heat of body— 0:07). 
Calculate the velocity with which a hailstorm at 0°C must 
strike the ground in order that if 5 of its kinetic energy were 
converted into heat in the. hailstorm, the whole just melted 
into water. 


An electric kettle of 500 watt is used to heft the 200g of 
water for 1'4 minute. Calculate the rise in temperature of 
water. 


An electric kettle increases the temperature of lkg of 
water by 30°C in 4 minutes. Calculate the power of electric 
kettle. : 


3 moles of an ideal gas kept at a constant temperature of 
300 K are compressed from a volume of 4 litres toa volume 
of | litre. Calculate the work done in the process [R=8'3! 
J mole k=}. 
A lead bullet just melts when stopped by an obstacle. Assume 
that 25% of the heat is absorbed by the obstacle, find the 
velocity of the bullet if its initial temperature is 27°C. 
(Melting point of EAE and heat or fusion of lead—6 
=0'0. jte 

cal/g and sp. heat of lead g ШТ. EE. 1981] 
Calculate the efficiency of a Carnot's engine working between 
927°C and 27°C. 
A perfect Carnot engine utilizes an ideal gas. The source 
асар is 500 k and that of sink is 375 К. If the engine 
takes 600 k cal. per cycle from the source, calculate 
(a) Efficiency of the engine. 
(b) Work done per cycle. — 
(c) The heat rejected te the sink per cycle. 

[4.1.5.5.Е. 1982, D.S.S.E. 1982] 
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38. 


39: 


40. 
41. 


42. 
43, 
44. 


45. 


46. 
47. 
48. 


49. 


50. 


‘Two moles of an idea 


, Perature. Calculate (а) the 


Calculate the work done if one mole of an ideal gas in com- 
pressed isothermally at a temperature 27°C from a volume of 
5 litres to 1 litre. (R=8°31 J mole k71) 

[D.S.S.E. 1978 Comp.) 
Calculate the change in internal energy of a block of copper 
of mass 400 g when it is heated from 25°C to 275°C. Assume 
change in volume is negligible (sp. heat of copper— 0:1). р 
By how many Joules does. the internal energy increase when 
50 g of ice at 0°C melts to form water at 0°C? Latent heat 
of fusion of ice 80 cal ‘g7. Neglect the small change in 
volume. 
l g of ice at —5*C is made to melt to form water at 80*C. 
If the change in volume is negligible, calculate the increase in 
the internal energy of ice. Latent heat of ice=80 cal g- and 
Sp. heat of ice=0 5). 
How much work is donc by a gas in expanding from a volume 
of 5 сс. to 25 cc. against a constant pressure of 2 atmos- 
phere. $ 
Two kg of water having volume of 2 litres become 3342 litres 


of steam when boiled at a pressure of 1 atmosphere. Calculate 
the work done. 


1 gas at 102°C are compressed iso- 
thermally from a volume of 7'5 litres to а volume of 1:5 litre. 
Calculate the work done by the system. 

3 kg of water at 100°C is converted into steam at the same 
temperature. The volume of 1 c.c. of water becomes 1671 С.С. 
of steam of boiling at 1 atm. -Calculate the change in the 


internal energy of the system if latent heat of vapourisation of 
water is 536 cal g. 


Find the efficiency of a Carnot's engine working between 
227°C and 27°C, E ie 
A steam engine takes heat from a boiler at 177° 
it to sink at 27°C. Calculate its efficiency. 

A steam engine takes 250 К cal of heat from a boiler and 
rejects 150 К cal of heat to air; Calculate its efficiency. 

A Carnot'sengine whose temperature of the source is 480 k 
takes 600 k cal. of heat from it and rejects 400 k cal. to sink- 
What is the temperature of the sink ? Calculate also the effici- 
ency of the engine. ; 

Ina refrigerator heat from inside at 280 kis transferred to & 
тоот at 300 К. (a) What is the coefficient of performance of 
refrigerator ? (b) How many joules of heat will be dclivere 


to aroom for each two joule of electric energy consume 
ideally ? ! б 


A Carnot's engine workin 
300 k receives | k cal. of 


C and rejects 


as a refrigerator between 250 k and 
heat from reservoir at lower tem- 
C.O.P. of refrigerator, (b) the 


52. 
53. 


54. 


tA 
cn 


58. 
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amount of heat rejected to the reservoir at the higher tempera- 
ture, and (c) the amount of work done in each cycle to operate 
the refrigerator. 

Find the change in the internal energy in calories during an 
adiabatic compression if 168 J of work is done on the gas. 

A Carnot’s refrigerator takes 60 kcal. of heat from the freezing 
chamber at 250 К and rejects heat at 300k (а) How much 
work is done ? (b) How many calories are rejected ? (c) Cal- 
culate C.O.P. of refrigerator. í 

In a diesel engine the rate of production of heat due to the 
combustion of the fuel is 5 x 10°. calories per hour. The 
efficiency of the engine is 40%, Calculate the horse power of 
the engine. (Giveh J=4:2 J/cal.). 

What is the minimum power that must be supplied toa 
refrigerator that freeze 2 kg of water at 0°C into ice at 0°C in 
a time interval of 5 minutes, The room temperature is 20°C. 
The motor in a certain refrigerator has a power input of 200 
watt. The freezer is maintained at —3?C and the outside 
air at 27°C. Calculate (а) the shortest time in which l'8 kg 
of water at 0°C can convert into ice, (b) the minimum amount 
of heat which can be extracted from the freezer in 10 minutes. 
A domestic freeze which is working between inside tempera- 
ture of —3°C and outside atmosphere temperature of 17°C, can 
be regarded asa reversible engine. Calculate, (a) its С.О.Р., 
(b) the energy required to freeze 1 kg of water at 20°C, (c) what 
is the power of the freeze if the said water freezes in 4 
minutes. , 
When a system is.taken from a to c along the path abc, it is 
found that Q=75 cal and W=30 cal. If it is taken from a to 
c along the path ab'c, it is found that Q—60 cal. Find the 


“value of ‘W’ along this path (Fig.¥11°4). 


PRESSURE —> 
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59. 


61. 


62. 


63. 


65. 


Ifin the Problem 58, Q—100 cal and W=30 cal along the 
path abc, what is the value of О along the path ab'cif W 
along this path is 15 cal. 

A cyclic process ABCA shown is V-T diagram (Fig. 11:5) is 
performed with constant mass of an ideal gas. Show the 
Same process on a P-V diagram. 


Т(ї К) —» 


Fig. 11.5, 
OBJECTIVE TYPE QUESTIONS 
An isothermal Process takes place at constant 


(а) pressure (b) temperature 

(c) volume (d) heat. 

An isochoric process takes place at constant 

(@) pressure (b) temperature 

(c) heat (d) volume. 

In an adiabatic process, the quantity which remains constant iS 
(a) pressure (6) volume : 

(c) heat (d) temperature. 

In an isobaric process the quantity which does not change is 
(a) pressure (b) volume 

(c) heat 


(7) temperature. 
cycle. tube, we find that both the pres- 
Increase. If we Suppose the tempera- 
constant, Which of the following is correct. 


When air is filled in a 
sure and volume of air 
ture of air ag 


66. 


67. 


68. 


69. 


70. 


71. 


@2; 


73. 


(а) Boyle's law can be applied. 

Boyle's law cannot be applied because 

(6) temperature is constant 

(c) mass of the air is constant 

(4) mass of the air is not constant. 

During an adiabatic compression the gas warms up because 
(a) internal energy remains constant 

(b) internal energy increases 

(c) internal energy decreases 

(4) nothing can be decided. 

The volume of a gas becomes twice on expanding isothermally. 
What will its pressure become ? А 

(a) One-fourth (b) Twice 

(c) Half (d) Unchanged. 


If the door of a freeze ina Toom is kept opened. The tem- 
perature of the room 


(a) rises . (b) falls 
(c) falls very slowly (d) unchanged. 
The work done by a gas during isochoric process is 
(a) zero (b) P(Vs—V,) 
(c) nRT loge (32) (d) none of them. 
1 


The work done by a gas depends upon 

(a) initial state А 

(b) final state 

(c) path along which the gas is taken from initial state to 
final state 

(d) none of the above. (3 

The work done Бу a gas is maximum if it expands 

(a) isothermally (b) isochorically 

(c) adiabatically (d) isobarically. 

A gas is heated under constant pressure so that its volume 

becomes double. If the initial temperature of gas was 27°C, 

its final temperature will be 

(a) 54°C (b) 108°C 

(c) 327°C (d) 927°C. 

If a gas is heated such that its volume remains constant. If 

tho pressure of gas becomes 4 times, what will be the final 

temperature of the gas if its initial temperature was 27°С. 

(а) 54°С (b) 108°С 

(с) 327°С (4) 927°С. 
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74. 


15. 


76. 


77. 


78. 


79. 


80. 


What is the efficiency ofa Carnot's heat engine if it operates 
between 500 k and 300 k ? 


(a) 60% (b) 40% 

(c) 20% (d) None of these. 

The efficiency of an engine which has a work output 2100 J 
per k cal of heat input is 

(a) 50% (b) 42% 

(c) 4076 (4) 21%. 

The amount of work done to convert 1 g of ice at 0°C into 
steam at 100°C is approximately 

(а) 720x 42 J (b) 180x 4°2x 107 J 


` (с) 640x 42 J (d) 620x 42x10 J. 


[B.H.U. 1983] 


The internal energy is a unique function of any state because 
change in it 


(a) depends-upon path 

(b) does not depend upon path 

(c) corresponds to an adiabatic process 

(d) corresponds to an isothermal process, [B.H.U. 1983] 
There are two. Carnot's engines working between the same 
temperatures of the reservoirs and the sink. If Q, and Оз be 
the amounts of heat extracted from the reservoir and О; an 


О, be the heats rejected to the sink, then which of the follow- 
ing statements is likely to be true ? 


(a) 0,=0, (b) Q,—Q', 
() Q-Q-Q9/-Q, — (5 8-0. 


[A.7.I.M.S. 1983] 
Water is heated by 


(a) conduction (b) convection 
(c) radiation (d) none of them. 


For same length and rise in temp. which will expand 
maximum H 


(a) Iron (5b) Steel 
(c) Copper (d) Brass. 
р D g 
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Harmonic Oscillations 


. IMPORTANT FORMULAE 


The displacement (£) of a particle executing: harmonic oscilla- 
tions, at an instant ‘7’ is given by, 


a=Displacement amplitude 
E=a cos (wt-+¢o) |; o=Angular frequency 
—————— | #)=Initial phase 
Frequency, 


1 М 
у= ; T— Time period 


Angular frequency, 


Velocity amplitude i.e., maximum velocity, 


М„=®а=2луа 


Acceleration amplitude i.e., maximum acceleration, 


go= 02a — An*v*a. 


Velocity at any instant, 


NUT - BS 
[po—Ke |; K— Force constant ` 


Restoring force, 
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8. Frequency of harmonic oscillation, 


1 Spting factor — 1 af K 
*"—2xz N Inertia factor ^ 25 | m 


m-— mass of oscillating body 
9. Frequency of angular harmonic oscillation, 
___ | C=Restoring torque per unit radian 


1 С twist 
“dn NV I | 1=Moment of Inertia of oscillating 
body Ta 


10. Frequency of simple pendulum, 


£ | g- Acceleration due to gravity 
ТГ | !-Length of the pendulum 


L=Length of liquid column 


12. Frequency of a ІС electric oscillator, 


1 .l | L=Inductance 
GES NEG C=Capacitance 


13. Energy of oscillation, 


E=E%=4mV,? E%=Maximum K.E, 
=E%=$ka® | Бо, ,=Maximum P.E. 
SOLVED EXAMPLES 


ple 1. The body of mass 16 kg is oscillating on a spring 
of force constant 256 Nm. Deduce angular frequency and frequency. 


Solution. m=16 kg, K=256 Nm? 


“= K_ [25 45, 
m N 16 
"=O [an = Hz. 


Example 2. 4 spring is stretched by 0°02 m with a load of 0°3 
kg wt. If a body of mass Of O4kg is ЖЕНЕ, to the spring апа ЇЇ 
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is set into vibrations with an amplitvde 0: 10m, what willb 7 
contine (b) frequency, (c) velocity amplitude, (d) а be (а) np 
ude. 
Solution. E—0:02 m, F-03x9'8N 
3 . F 03x98. E 1: 
(a) .: K= z= O2 —3x49—147 Nm? 
(b) m—0'4 kg, K=147 Nm". 
її [жа oio [uera TT. 
GM ырыу нышы DAE 
"m AE InN 07 628 ^ 
(c) Vo=2nva=2x 3314x 3x 01 — 1:884 ms}, 
(d) go=(2nv)?. a=2nv. Vo=2X3'14X3X 1"884—35'44 52, 
Example 3. A body of mass 0:2 kg is executing si 
nic motion with a periodic time of 1 sec. and Bee пато, 
Calculate (a) maximum velocity (b) тсхітит acceleration (c) maxis 
mum restoring force (d) velocity at a displacement of 6 m. 
Solution. m=0'2 kg, T—1 s, a—10 cm=0'] m 
2n DO —628 Hz 


(а) Vo= 0.a—6:28 x0:1—0:628 ms? 

(b) go—9:a—0.Vo—628X 0:628 —3:944 ms? 

(с) Fmawe=mgo=0'2X 3:944—0:7888 N 

(d) Veg — E? = 628 / (0:1)! —C06)* = 05024 ms. 
Example 4. A harmcnic oscillation is represented hy Е= 0:34 


cos (3000t+-0'74), where & andt are in mm and s "cti 
Calculate (a) the amplitude, (b) angular frequency, (© fr MI REA 


the time period, (e) the initial phase. 
Solution. On comparing the given equation with the standard 


equation for displacement, 
E=a cos (ot-- $o), we have 
(а) amplitude, а=0`34 mm 
(b) Angular frequency, 0= 3000 Hz 


«3000 15 
(с) Frequency, "= Sa IR Hz- Ss m 


1 
(d) Time period, ТЕ D вес. 


(е) Initial phase $0774 radians. 
ЖЕЙ ҮП What is the time period of a simple pendulum 245 
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Solution. Time period, 


Т=2т N TE 
[RO 


2:45 
2n 98 —2nXi-ns 
=3'14 s. 


Example 6. A simple pendulum of length 1 metre has oscilla- 
tion-energy equal to 0'3 joule when its amplitude is 0:02 metre. What 
will be its energy if (a) its length is increased to Г5 metre, (b) its 
amplitude is increased to 0'03 metre ? 


Solution. E=} mv? 


or E=} mo?a? 


But for a simple pendulum, 


a= E 
1 
B= се а 
— Byte р а 
(а) 0:3— +m = a? 
and Ecim is а? 
Я RESET: 
03 15 
E=02J 
1 
(b) 03— 5-т $ (02)? 
E'— +m -É (93i 
; E GOS 
(s 03 — (02): 
E'—0:675 J. 


Example 7. Certain scale in a. spring balance is marked from 
0 to 250 g whose length is 10 У 


ст. Waat is the Spring constant? An 

object of 100 8 is hung from the balance and set in harmonic oscilla- 

Ad ш will be the acceleration of the object when the scale reads 
z i 


Solution. 


m=250 g—07250 kg, g—9':8 ms *, x=10 cm—0:10 m 


к= Е. 
х 
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= 02598 45 Nm 


01 
Now m=100 g—0:100 kg 
: aks 
m 
245 
= 017—245 
_ (150—100)х0°1 _. 
Now ш Г AS [у 02m 
„1. Acceleration, i =w?x 
=245 x ‘02 
=4°90 ms 2. 


Example 8. A pendulum clock shows correct time. Calculate 
dhe error in time per day if the length of the pendulum increases by 
005%. 

Solution. Let T be the correct time period of pendulum and 
T’ be its incorrect time. Then 


T—2n 4| - and Tea 4 
8 8 


т г N OE 7 
r m 
1 
—(14-:0005)/* 
—(14-3x:0005) 


x + = (1400025) А 
the incorrect aa is рор ae 
“00 sec. Therefore 
i the clock goes slow by 
4 day dled DNUS sec. the clock will get slow by 


00025 x 24x 60x 60=21°6 s. 


Example 
joined to a body i 
Deduce the spring factor / 

Solution. Let the ring 


-direction by x, then 
aU (а) Е Fig. 12.1 (A), the two springs are extended by the same 


‘amount x, the restoring force due to them will be given by 


Thus if correct time is 1 sec», 
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F,=K, x 
F,=K, х 
and the total restoring force, 
a F=F,+F, 
=K; x+K,x 
or F=(K,+K,) x 


[А] 


[8) [c] 


Fig. 12.1, 


F 
or р =(Ki+K,). So the restoring force per unit displacement 


or spring factor K for the oscillation of the ring will be 
K=(K,+K,) | 
(b) For Fig. 12.1 (B), the two Springs are extended by the 


different amounts say, x, and x; by the same force F, then 
F=K, X or x,=F/K, 


and F=K, x; or x; —F/K; 
Therefore resultant displacement x of the ring will be 
х=хү+х; 
ог Е 


KE E , where K is spring factor for 
the combination, 


1 
KKK 


or 1 
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KK: 
Re 


(c) For Fig. 12.1 (C), the upper spring `8 extended while the 
Tower spring is compressed. Since the extension of the one spring 
is equal to the compression of the other, the restoring force due to 
‘them will be given by 

: F\=K,x 
Е,=К,х 
°. The total restoring force, 
F=F,+F, 
=K, x+K, x 
=(K,+K,) x 


or EL (K, +K) 


Now the Spring factor for the combination i.e., oscillation of 
‘the ring will be given by 


KE E 
pele р ТА 
| K=(K,+K;) 


Example 10. A vertical U-tube of uniform cross-section 
contains Water upto 80.cm. Find the frequency of oscillation if water 
чоп one side is depressed and then released. 


Solution. L—2x80—160 cm ; g=980 cm 57% 


1 2g 
X A lo 
__1_ [2x980_ 
25:22 160 
TORTES А 
= % 7 38 0597 Hz 


Example 11. Derive the expression for the oscillation energy 
of an LC electrical oscillator with the potential amplitude Vo and the 


-current amplitude Ih. : 
Solution. K and m of mechanical system are replaced by 


c and L respectively in a LC electric circuit and ‘a’ is replaced by 
‘Qo. Hence E=} Ка? y nS 


E=> T Q? (1) 
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1 Qo Y 
=r S (= J 
But e =o 
| E=} Cv | 
EE TNT SET RI | { 
The angular frequency with which LC circuit oscillates is 
given by 
1 TE 
=>, ог — SML 
“> VLG С 
and also =00, 
ог Q= b 
`. Eqn (1) becomes 
в 2 
E=4 (р (2) 
E=} Llo? | 
Example 12. The balance wheel of a watch has a moment of 
inertia of 2x 19-8 kg m* and the torsion constant of its hair spring 
98X108 Nm rad, Calculate its frequency. 4 
Solution, 1—2 10-8 kg m*, C-9:8x 10-* Nm rad-1, For 
balance Wheel, 
EN fe 
v= 2n TW 
7 9'8X 1075 
v= 72x22 N тосе 
7x TV10 
352 Hz. 
= 74 52 Hz 


i is sus. 
Example 13. 4 disc of mass 6 kg and radius 10 cm б 
bended horizontally by a long wire which is attached to 75 ДН. 7 
the disc. The disc is turned through 60° by a force of 1. gular 
tangential to the disc. When the force is removed, it executes a 
oscillations. Find the time period of oscillation. 

Solution. M=6 kg; r=10cm=0'1 m; 
6—60*—60x -Z 


180 "80. = rad. and F—1 N. 
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Torque, 7=Fr=1X01=0'1 Nm 
zT 01x3 03x7 
CT ROT Y 


Moment of Inertia of disc, 
I=}Mr?=4 x6 x0°12=0°03 kg m?. 
Time period of oscillation, 


Il 
T=27 N! T 


2x22  [|003x22 .. 
SET TT о: 
Example 14. The bottom ofa dip оп a road has a radius of 
curvature “К. A rickshaw of mass ‘M? left a little away from the 


bottom oscillates about this dip. Deduce an expression for the period 
of oscillation. 


Solution. Let the rickshaw be displaced from its initial posi- 
tion A їо a new position В by an amount č. The component 
‘Mg cos 0' of weight Mg of the rickshaw is balanced by normal 
reaction N of the ground and the component ‘Mg sin 0" gives the 
necessary restoring force to bring it to its norraal Position, hence 


Restoring Force=Mg sin 0 


Fig. 12.2. : 
ow if 6 is very small and measured in radian, 


AB 
sin 0=0= 0A 
dum 
R 


F= —Mg R 
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Negative sign shows that Е and F are opposite in direction. 


But F—ME (Newton's 2nd law of motion) 
3 Еме © 
d ME=—Mg R 
Bee dd. ; (1 
ог Re (1) 


. This equation represents harmonic oscillations of rickshaw. 
But we also know for a harmonic oscillation, 


Е Sate (2) 
Hence comparing equations (1) and (2), we have 


a= & 


/ R 
or IAE 
5 


But time period of oscillations, 


I-2*. 
о 
T=2r у 
8 


——— | 


Example 15. 4 sphere is hung with a wire. 60° rotation of the 
Sphere about the wire generates a restoring torque of 46 Nm. If the 


moment of inertia of the sphere is 0'041 kg mà, d, requency 
of angular oscillations. Р Bere ace: te fren 


Solution, — 6—60*—60x io radians $ radian 


7=46Nm 


and I=0'041 kg m? 


i uu. MEE 
` nN I 
7 T6x3x7 


72x22 4| 22x0041 
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7 OVES 
М 107°09 
—]'65 Hz. 

Example 16. 4 person normally weighing 50 kg stands on a 
platform which oscillates up and down harmonically at. a frequency 
2:0 s! and an amplitude 0°05 т. If a machine on the platform gives 
the person's weight against time, deduce the maximum and minimum 
readings it will show (Take g— 10 ms~*). 

Solution. M=50 kg; g=10 ms? ; 

a=0:05 m; v—20 57 
Maximum acceleration of platform, 
go—4n?»? a 
2 
=4x(2 ) х22х'05=75 ms? 


When the platform is at the highest point of oscillation, the 
machine will show the maximum reading, 
Ка —Mg-4-Mgo 
=M (g+80) 
=50 (104-7:9) 


895 
=895 N= To kg wt. 


or Rmae=89'5 kg wt. 


When the platform isat the lowest point of oscillation, the 
machine will show minimum reading, 4 
Rmin = МЕ —– Мро 
=M (6—80) 
=50 (10—7:9) 


105 
=105 N= o kg wt. 


MNT ЦАНЕ ا‎ 
or | Rmi 10:5 kg wt. 


0 lindrical wooden block of cross-section 150 
em? Aae panel over water with an extra weight 80 g 


Attached to its bottom. The cylinder floats vertically. From the state 


of equilibrium it is slightly depressed and released. Deduce the fre- 


- quency of oscillation of the block. 
Solution, m=200+80=280g; A=15'0cm?; Pelgcm* 
(density of water). 
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If the cylinder of area of cross-section ‘A’ is depressed by an: 
amount £, then 


K= F _ weight of extra water displaced ` 
E 
Ax) pg 


where p is the density of water. 
=Apg 
—15x1x980—14700 dyne/cm. 
Frequency of oscillation, 


ESL [йк 
VESTE 
Me V 14700 
—2x22'N 280 
: v=1'15 Hz 


Example 18. Write the displacement's equation representing 
the Sollawing conditions obtained in a simple harmonic motion : 
Amplitude=0'0] т ; Frequency=600 Hz and initial phase x/6. 
[D.S.S.E. 1984] 

E Solution. The Beneral equation of simple harmonic motion 
is, 

E=a sin (2n vt+¢y) 

70701 sin (2x x 6007-1- 7/6) 

£=0°01 sin (3768+ 7/6) metre, 

Example 19, Tyo masses my and m, are suspended together 
on а vertical spring of Spring constant ‘k’. When the masses are in 
equilibrium, m, is removed without disturbing ‘the system. Find the 
angular frequency and amplitude of oscillation of m. І.Т. 1981] 


Solution. 

Let АВ=а  BC—a апа Ср=а, 

: a k—myg (1) 
and a, k— mg (2) 


‚Оп removing m, the mass m, on the spring will obviously 
oscillate up and down about the point C in simple harmonic oscilla- 
tion. Its angular frequency will be 

oe 


LE | 
ms 
My ees cu He d 
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SSS SSS SS 
A , A 
8 B 
с 
D 
mı ma 
Fig. 12.3. 


3 The amplitude of oscillation of mass т, is аз which may be- 
given by Eq. (2), as 


Amplitude= "Е, 


EXERCISE 12 
[Take 1 —3:14] 

1, The bodies of mass 9, 16, 25, 36 kg are oscillating in turn on: 
a spring of force constant 36 Nm !. Deduce (a) angular fre-- 
quency, (b) frequency, and (c) time period in each case, 

2. When a spring is stretched by 01 m, a restoring force of 5 N 
develops. What is its spring constant ? 

3, When a mass of 1 kg is hung from a spring it stretches by 
50cm. What is its отса constant ? If the mass is slightly 
displaced and then released, find the frequency of oscillation. 

4. The scale on a spring balance is marked from 0 to 100 g and' 
has a length of 10 cm. What is its spring constant ? An object 
of 50 р is hung from the balance and set in harmonic oscilla- 
tion. What will be the acceleration of the object when the 
scale reads 60 g ? 

5. A spring of spring constant K is cut into three equal pieces.. 
What will be the value of spring constant for each piece ? 
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10. 


12, 


13, 


14, 


158 


. A body of mass 250 


. When a spring is loaded with a mass of 200 g, it extends by 


5 cm. Now if a mass of 100 g is oscillating on the spring with 
an amplitude of 4 cm, calculate the following : 

(a) spring constant (b) frequency (c) velocity amplitude 
(d) acceleration amplitude, 


- Therearetwo springs with the same spring constant, The 


masses attached to them are in the ratio 4 : | ; find the ratio 
of the frequencies of oscillations. 


- If the two springs in Fig. 12.1 on page 228 are identical) each 


with a spring factor ‘K’, deduce the spring factor for the 
Oscillation of the body in each case in the figure. 


The two bodies of mass 2 kg and 4 kg are rigidly connected 
to the two ends of a vertical spring. The heavier body rests 
Оп a horizontal table. The lighter body is compressed from 
the rest position by a distance of 2cm and then released. 
(a) If the force constant of the spring is 200: Nm™, calculate 
the frequency of oscillation, velocity amplitude and acceleration 
amplitude for the lighter body (b) Also calculate the maximum 
and minimum values of the reaction of the table, acting on the 
System, neglecting the weight of the spring. 


Two springs A and B have their force constant K, and Ks 

1>K;). On which spring is more work done (a) when 
their lengths are increased by the same amount, (b) when they 
are stretched by the same force ? LI.1.T. J.E.E. 1978] 


| ‹ g is performing simple harmonic motion 
With a time period of 0'5 seconds and amplitude 5 cm. Find 


its (a) velocity amplitude, (6) acceleration amplitude, (c) 
maximum restoring force. 

If a particle is executing simple harmonic motion with an 
amplitude 0:04 m and velocity amplitude 6:28 ms", calculate 
angular frequency and frequency of oscillation. 


À particle executing simple harmonic motion has an accelera- 
tion n? ms? when its displacement is 0'04 m. Find the angular 
frequency and frequency of oscillation of the particle. 

A body of mass 0:5 kg oscillates with a frequency of 5 Hz and 
an amplitude of 0*1 m. Calculate the following : 

(а) maximum restoring force. 

(6) total energy of motion. 


^ particle undergoing simple harmonic motion has an ampli- 
tude of 0°10 m and frequency = Hz. Find the following : 


(a) its maximum velocity, (b) its maximum acceleration, and ` 
(c) its velocity when its displacement is 0°06 m. 


and 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 
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A particle is executing simple harmonic motion with amplitude 


' of l'0 m and time period msec. What is the displacement 


when the velocity of the particle is 172 ms! ? 


А tuning force of frequency 512 is producing sound. If its. 
prongs have displacement amplitude of 2 mm., calculate its 
velocity amplitude and acceleration amplitude. 


A body executing simple harmonic motion, has the velocity V; 
when its displacement is x, and velocity Уу when the displace- 
ment is xy. Prove that the amplitude and time period of 
oscillation of the body will be given by 

а N VPN 


T=2r 3| үз=үз- [A.L.S.S.E. 1988] 


A particle executing simple harmonic motion has a velocity 10: 
cm s^! when the displacement is 6 cm and 8 cm s71 when the: 
displacement is 10cm. Calculate its time period and the 
amplitude of oscillation. 


The amplitude of an oscillating simple pendulum is 0:15 m and 
its time period is 628 sec. Calculate the following : 

(a) maximum velocity of the oscillating bob. 

(6) maximum acceleration of the oscillating bob. 


. (c) maximum restoring force if the mass of the bob is 100 g. 


(d) length of the pendulum, if g—9:8 ms~. 

What will be the length of the second’s pendulum at a place: 
where g=9°81 ms *? 

If the length of a simple pendulum is increased by 9%, calcu- 
late the percentage increase in its time period. 


A simple pendulum of length 80cm has oscillation energy 
equal to 0'2 Joule when its amplitude is 10cm. What will be: 
its energy : : 
(a) if its length is doubled ? 
(b) if its amplitude is doubled 1 
rrect time. The length of the: 
дараа a 00592. calculate the CERE in fine 
per day. j 
k beats correct time. Ifthe length of the 
ires een by 004%, calculate the ee in time 
per day. 
A harmonic oscillation is represented by 
€=2°4 cos (2000:--0:64) 
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Ол 


2. 


29; 


30. 


31. 


32, 


33. 


34. 


i ent and time are in mm and s. Calculate (a) 
Seat s Eae frequency, (c) frequency, (d) time 
period, and (e) initial phase. 

A harmonic oscillation is represented by 

€=0°35 sin (5004-042) 
where the displacement and time are in cm and s respec- 
tively. Calculate (a) amplitude, (b) frequency, (c) time period, 


(d) initial phase, (e) velocity amplitude, and (f) acceleration 
amplitude, 


A 1'0 g bullet is fired horizontally so that it gets embedded in 
a suspended sand bag of mass 0'4 kg. The sand bag stárts 
oscillating with an amplitude of 0:02. m and makes 30 oscilla- 
tions per minute, . Deduce the bullet velocity à 


A heavy sphere of mass 2 kg and radius 5 cm is suspended 
by a long vertical wire which is- attached to the centre of the 
Sphere. The sphere is turned through 90° by a force of 1°5 N 
acting tangentially to the sphere. When the force ceases to act, 


the sphere executes angular oscillations. Find the time period 
and frequency of oscillation, 


of inertia of the Sphere is 0072 kg m?. Calculate the time 
period and frequency of angular oscillations. 

A person normally weighing 70 kg stands on a weighing 
machine ina platform which oscillates harmonically up and 
down witha frequency of Hz and an amplitude of 4 cm. 
Calculate the maximum and minimum Teadings achine 
(Take g—10 ms”). a 


The cross-sectional area of a cylindrical wooden block is 25 
сш? and its mass is 145 р. An extra mass of 100 g is attached 
fo the bottom of the cylinder and then it is floated vertically 
OVer the water. From the state of equilibrium. it is slightly 
depressed and then released. Calculate the frequency and 
time period of oscillation. 

A test tube with cross-sectional area 12 cm? has a mass of 15 
& After pouring 25 g of mercury in the tube, it is floated 
vertically over the mercury. From the state of equilibrium it 
18 slightly depressed and then released. Calculate the fre- 
Шешу, of oscillations of the tube (density of mercury —1376 g 


A body of mass 1 k is i impl ji tion 
which fs gives by B 18 executing simple harmonic mo 


x—6'0 cos (1004 = ) сш, 


` 35. 


36. 


37. 


38. 


339. 


40. 


41. 


42, 


43. 
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What is the (a) amplitude of displacement, (b) frequency, (c) 
initial phase, (d) velocity-amplitude, (е) acceleration-amplitude, 
(f) maximum kinetic energy. [D.S.S.E. 1982] 
А body of mass 1 kg is made to oscillate in turn on two 
springs, one of force constant 1 N/m and another of 16 N/m. 
Deduce the time period in each case. 

ч - . [4.1.5.5. (Comp.) E. 1985] 


The time period of a second's pendulum is 2 seconds, The 
spherical bob which is empty from inside has a mass of 50 g. 
This is now replaced by another solid bob of same radius but 
having different mass of 100g. What is the new time period ' 


of the pendulum. (N.C.E.R.T. 1972] 
A particle execute SHM with a period of 6 sec. and amplitude 
of 3 cm. What is its maximum speed ? [4.I.I.M.S. 1982] 


Calculate the value of the amplitude and the anguiar frequency 
for the following simple harmonic oscillation, 

y=0'2'sin (99 t--0:36). 
The various units are in S.I. units. [A.I.S.S.E. 1986] 


The pan attached toa spring balance hasa mass of 1 kg. A 
weight of 2 kg when placed on the pan stretches the spring by 
10 ст. What is the frequency with which the empty pan will 
oscillate ? ! [D.S.S.E. 1987] 


An U:tube with uniform cross-section contains mercury whose 

density is 13:6X 10? kg/m*. The cross-section of the tube is. 
1 cm? and the total length of mercury column is 1 m. If the 

mercury column oscillates : 


(a). What will be its frequency ? 0 | i 
(b) How will the frequency change 1 the cross-section of the 

tube is doubled ? [D.S.S.E. 1987 Comp.) 
What is the amplitude of the wave represented by 

у=2`0 cos (200 1—0:30 x). 1 
Where distance is in centimetres and time in "YES j д ate 
Write the value of amplitude and angular frequency in the 
following simple harmonic wave 
5-070 cos (180 ¢+0°23) 


where the various quantities are in M.K.S. um as: 1985] 


А simple harmonic motion is represented by 
T g-025x 107? cos (500 1-0025 x) 


Wero and xare in metres and tin seconds. What is the 
value of (a) amplitude, (b) period ? LD.S.S.E. 1988 Comp.] 
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44. 


45. 


46. 


41. 


48. 


49. 


50, 


51. 


A small body of 100 р is undergoing simple harmonic motion 

of amplitude 100 cm and period 0:20 s. What is the maximum 

value of force acting on the body ? 

A weighed glass tube is floating in liquid with 20 cm of its 

length immersed. It is pushed a certain distance and then. 

released. Calculate the time period of its oscillation. | 
[LI T. J.E.E. 1974] 


A particle is executing S.H.M. of amplitude ‘A’. At what 
displacement from the mean position is the energy half kinetic 
and half potential. [4.I.S.S.E. 1985) 


The mass of 10g is describing S.H.M. along a straight line 
with a period of 2s andan amplitude of 10 cm. Compute 
its K.E. when its displacement is (a) 2 cm from the equili- 
brium position, and (b) 5 cm from equilibrium position. 
[1T J.E.E. 1972) 

Displacement ia mm ofa harmonic oscillator is represented. 
by equation : 

9 (тт) =0'26 cos (400 t--z/6) where t is in seconds. я 
What is the (а) amplitude, (Б) angular frequency, (с) frequency 
(d) period, and (e) initial phase ? a [4.1.5.5.Е. 1983) 
A harmonic oscillation of mass m is represented by 

E (m)—a cos (bt+ c) 

Compute (a) amplitude, (b) angular frequency, (c) frequency 
(d) velocity and acceleration Amplitide; (eue velocity 
at time ‘r’. [4.1.5.5 Е. 1976]: 


A body A of mass т,=1`00 kg and a bod mass=4 00 
kg are interconnected by a spring. The body A бео free 
vertical harmonic oscillation with amplitude a—1:6 cm and E 
angular frequency w=25 rad/sec, Neglecting the mass of the 
Spring and taking g—10 № кеі, Find the maximum and 
minimum values of force that this system exerts on bearing 
surface, ULLT..J.E.E. 198 J 


OBJECTIVE TYPE QUESTIONS 


Two bodies M and N of equal masses are s d from tW? 
Separate massless springs of spring content xs and K; 
respectively, If the two bodies oscillate vertically such the 
their maximum velocities are equal, the ratio of the amplitude. 
of vibration of M to that of N is 


@ e IK 
(c) к, P Ук 
к, 


5 
<< 
zr 


ILLT. JEE. 1985) 


52. 


53.. 


55. 


56. 


57. 


58. 


59. 


.241 


A particle executes simple harmonic motion with a frequency 

‘f’. The frequency with which its kinetic energy oscillates is 

(a) f/2 (b) f 

(c) 2f (d) 4f. 

In simple pendulum experiment length of the thread is 1252 

cm and diameter of the bob is 342 cm. The effective length 

will be 

(a) 126:9 cm (b) 126:91 cm 

(c) 126:912 cm (d) None of the above. f 
[C.P.M.T. 1988) 


` The length-of the thread is 81'7X 107^ m and radius of the 


bob is 1:74x107? m. The effective length will be 
(a) 83'44х 10? m (b) 8341x107? m 
(c) 83x41 X10? т (d) None of the above. 
[C.P.M T. 1988] 
Two simple harmonic motions are represented by the equations 
yı=10 sin (3: xt-- 1/4) and 
yg=5 sin (3 nt+ 43 cos 3 nt) 
Their amplitudes are in the ratio of : 
(a) 2:1 (b) 1:1 
(c) 1:2 (d) 4:1. 
The frequency ofasimple peadulum in a lift falling freely 
will be 
(a) zero (b) infinite 
(c) finite (d): undecided. 


If the length of the pendulum is made 4 times, its time period 
will become 


(a) 4 times (b) twice 
(c) one-fourth (d) one-half. 
. The time period of a second pendulum is 
(a) 45 (Б) 1s 
(с) 28 : (d) 45. 
The acceleration amplitude 'ge' of a particle executing S.H M. is 
(a) wa (b) ea 
(c) wat (d) oa. 


If the area of cross-section of U-tube is doubled without 
charging the length of liquid column in it, frequency of oscilla- 
tion of liquid 

(a) increases (Б) decreases 

(c) becomes double (d) uncharged. 
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61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


ity=1 g/c.c.) ina U-tube is. replaced by 
p EIE geen If the length of Oscillating 
liquid column in each case is same, the ratio of frequency o 
oscillation of water and mercury is 
(a) 136:1 (Б) 1: 13°6 
(c) 1:1 (d) V136 : 1. 
Resonance between driven body and driver body takes place 
when they have same 


(а) displacement amplitude (b) frequency 


(с) velocity amplitude (d) energy. 

The following equation of force gives rise to S.H.M. 
(a) F—-—kt (b F=—k ғ? 

(с) Е= – КЕ ча) Е=—К/. 


If the differential equation representing the free oscillation of 
2 

a body is given by pe +o%€=0, then the natural frequency 

of the body is given by 


т 
@ о 000 = 
2n : л 
(c) PUE (а) Koc 
In case of S.H.M. 
(a) Potential energy is conserved 
(b) Kinetic energy is conserved 
(c) Total energy is conserved 
(d) All the above are conserved. ` 
If amplitude of oscillation is double, its energy becomes 
(a) four times (b) double 
(c) same (d) none of these. 
If the oscillation of a particle is represented by 
E=a sin wt+b cos ot, 
its displacement amplitude is 


@ + o 2 
(c) a+b (d) (a?--b*yus, 


If amplitude of oscillation of a simple pendulum is doubled: 
its frequency will become 

(a) double (b) half 

(c) same F (d) none of them. 


o0, 


13. 


Wave Motion 


IMPORTANT FORMULAE 


The wave velocity, 


с:==уА | ; A— wavelength 


The velocity of transverse waves on a string under tension, 


7 | T=Tension (in Newton or 
- dyne) on the string. 
ст ; m-mass per unit length (in 
Loc E Qe. kg m^ or g cîn”) of the 
string. 
The velocity of longitudinal waves in.any medium (whether a 
solid, a liquid or a gas), 


| 
e | ; E=Elasticity of the medium 
c= Ee 
Р Р \ 
| 


—density of the medium 
Eg г 

The velocity of longitudinal waves in a gaseovs medium is 

given by 


EJ (Laplace's formula ; =e, 


Nop the ratio of two sp. heats of that 
-— gas.) 
R=Gas constant 
YRT T=Temperature in K 
or сем M | M=Molecular weight of the gas. 
Er VUE 


Effect of temperature on velocity of sound, 
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340 
7480 ™ 


17 Ф 
TX X100 cm— 70:83 cm. 
Example 2. The velocity of sound in air at 17°С is 340 ms“. 
Determine the velocity of sound if the temperature increases to 37°C. 
Solution. Here c,=340 ms”, T,—273--17—290 K, 
T,—2734-37—310 К. 
aE 
e Ti 
| ЭТО ere oet 
| x: Cs A339 340-351 53 тїз”, 


| Example3. Find the temperat: 
| sound in air will be thrice that at 97°C 


t Solution. Here Ca 3C 
jand T,=273+27=300 К. 


We know, 
s T, 
сү T; 


т,=( 2 yr. 
31x 300 
=2700 K 
=2700—273=2427°C. 


Example 4. А; what temperature will the velocity of sound in 
oxygen be the same as in hydrogen at 25*C ? 


Solution. We know 
= 
"I YRT, хе YRT, 
М, у м, 
М, 
Tow Ti 


ure at which the velocity of 


But 16 7,2273-4-05—298 K 
М" 


Та==16х298‹=4768 K 
—4768—273-4495*C. 
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Example 5. What is the ratio of the velocity of sound in 


hydrogen , ( =) to that in the Helium gas == at the same 
[Т.Т.Т. 1983] 


temperature. 
Solution. Since v=,| 2. 
TP 
Vz= SPH 
5P 
and у= Зрне 
Va [T3 em 
Ун, 5 < 5 Xp, 
Рио, — 
Now rm =4 
Vat eb 21 24/21 _ s 
Vas N35 x4— 2 1833 : 1000- 


Example 6. A steel wire of length 58 cm, has а mass of 0'05 
m and is E) with a tension of 4X I0* dynes. Find the velocity 


5 propagation of transyérse Wave in the wire. 


of 
Solution. Here 3 
0105 =0'001 gm. cm! 


n= 5 
T—4X10* dynes. 
1 {| T 
CONUM 
4x10* 
= | س‎ —2X -1 
0°00! 2x10 cms 
=200 ms-* 

Exam late the velocity of sound in steel having 
Bulk modulus pi Renee as 214x 10" Мт? and the density as 
76x 10° kg m ®. 

Solution. He» Е=214Х 10% №”, p=7°6x 10? kg m^? 

ms J E 
CEN P 
"14 Ti 
_ [214x10 MM 


^N T6x10 
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Example 8. ` A displacement waye is represented by 

: E025 X 10- sin (5001—0:20 x) 
where 5, t and x are in cm, sec and metre respectively. Deduce 
(a) the amplitude, (b) the Period, (c) the angular frequency, (d) the 
wavelength, (e) the amplitude of particle velocit ‚апа (f) the ampli- 
tude of particle acceleration: 


Solution. Comparing the given equation with the standard 
equation of wave, E=A sin (2 1-2%; , we have 
2n 2x 

=0: -3 сп: £5 — гл. 
A=0'25 x 10-3 cm UT 500 and à 
(a) the amplitude, A—0:25 x 1073 em. 


=0:20. 


ү коп ЕЕ 
(b) the period, T=- 70 0126 sec. 


(c) the angular frequency, w=2n/T=500 5-1. 
T 


2 t 
023! 4 m. 


(е) the amplitude of particle velocity, 


(d) the wavelength, A= 


ъ= А=500х0'25х 107?—0:125 cm s71, 


. a 
(f) the amplitude of particle acceleration, &- (4) A 


=(500)? x 25x 1073—62:50 cm s=, 

, Example 9. Spherical waves are emitted from 3°14 watt source 
in air. What is the intensity of the waves at a distance 2 metres from 
the source ? 

Solution. ‘Here R=2 m, P=3'14 Ww 
Surface Area, S—4g R?=4 x 3°14 2? mt, 


Intensity, I= 
pil 1 
[= .314. =— = 


I6x 3'14 16 -00625 W m^: 


Example 10. 
а height of 50 cm in a bucket, generates sound which cam be hear 
rom the 5 metre distance. 


$ iun itati as going 
into the sound fort: The ti ake alt the gravitational energy as g 


ansformation is being spread in time 0” 
Second. Deduce the average и 8 5р 


А drop of water, 2 mm in diameter, f alling from 
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Solution. r—1 mm—!0-? m, 4=50 cm.—05 m., R=5 m., 
1=0°5'S, Density of water; р=10% kg m^. 


E=mgh 
4 3 
—Vegh exer a Pgh 


— „(10x 01x 9 8x05 J 


ats x49x1077 J 
S—4aR3—4nX5! mi—4n X25 m? 


S 
5х1 
_ 4п249х107* 
~ 4nx25x0'4 

49x 1077 


= 3x25x04 
Example 11. The displacement am litude of the sound waves. 
produced by a tuning fork of frequency 480 Hz. in air is 0/7 x 107 т 
Calculate the intensity of the sound ways at this point. 


Intensity= 


= 
=1°633 x 107? Wm? 


at a point. 1 £3 1 
(Velocity of sound in air=340 т 5 and density of air ГЗ kg m7.) 
Solution. Here A-07x10- cm., . v=480 Hz., 
р=1`3 kg m3 c=340 ms", 
=2r? А?у? Pc 


2 j 
=(7) X (0:7 X 10=7)2 x (480)* x 1:3 x 340 
—9:858x 10 ° Wm. 

Example 12. Show that the volume strain in any longitudinal 
VOCI EDT) г, where £ is the displacement at the plane x. 
Hence, show that for a harmonic wave of amplitude A and wav: length 
Ain "o edium of volume elasticity E, the excess pressure p is given by 


2n) і х 
p=EA =z sin 2n ( T -x) 
Hence deduce the pressure amplitude, if E=16X 105 Nm? 
A=2x 107! m and 4—0 m. 4 
Solution. Imagine column of thickness 5x and cross-section 
A in air through which longitudinal waves are passing. Let àE be 


the change in thickness of the column due to compression or rare- 
faction of the layers of air contained in this culumn. 
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Hence the original volume of the column, V-A.8x and change 
in volume of the column when the lon 


gitudinal waves pass through 
it, AV=A. 8t 4 
Hence volume strain, 
AV АЗЕ 
V Ax 
5E 


when the column is of infinitesimal thickness i.e., 8x0, 
we have | 


3 Lt (= ) 
Volume strain= = 
|] 8х 


| Now volume stress, 


p—Ex volume strain 


dé (i 
p-By (i) 
But = SEN TEX ) 
A A cos 2x ( T 
ae У rox i 
: dx ~AZ sin 20 (4 == ) 0) 
Combining (i) and (ii), we get, 
р=ВА?® sin 2n (1-1) 
Since the maximum value of sin for a 
amplitude, - 


Dy angle is 1, the pressure 
Lut 2n 
MURIS 
Du 16x 10°x 2x 10-7x 2x 22 

P TXOS лыт 


olaroids are set 


to give the maximum trans” 
е first polaroid is rotate: by 30° clockwise, 
) the second Polaroid is now rotated by 30* 
first is rotated by 60 


calculate, in each case, the 

ratio of the intensity transmitted to Ip. : j 
pon: We know I=], cos? 0 

a d 


=30' 


I $ 
т, “(соз зга ( 43 )-i 
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- (5) 9=30°—30°=0° 
\ я i 
~—=(cos 0°)?=1 
I, 
O 660° 


ев (LL 
i, =(cos 60")2= 2 4^ 
Example 14. Jr the two diagrams below AB is the dividing 
surface between two media, and 1—1,2 2 are the wave fronts at the 
time to and (to+t,) respectively. Find the wave fronts in the upper 
medium for the time (to+2t,) and (15-311) in each case. 


< 
N 
ATT З ЕА 
Fig. 13.1. 
Solution. 
fv 
ve D D, 
> 
* 
G N 
А; D Loe A 


- Fig. 13.2. 


5. If c, is ghe root mean square thermal speed of 
ilicet ib gas p^ c isthe velocity of sound waves in that gas, 
show that the ratio c/c, is independent of the temperature and is same 


for all mono-atomic gases. 
Solution. Root mean square thermal speed of gas molecules 


is given by 
ana] 3P 
р р 
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velocity of sound waves in a gas is given by 
= А, ҮР 
Р 
~ £ 4/2% , which is independent of the 
a 3 temperature. 
Since value of y is same for all mono-atomic gases, the value 
of ES will also be same. 
1 


Example 16. Aman standing on the railway platform hears. 
the'whistle of an engine which is approaching him with a velocity of 36 
km hi3. What frequency does the man hear, if the true frequency of. 
the whistle is 500 Hz ? (Take Velocity of sound=340 ms.) 

Solution. V,—0 ; V,—36 kmh-?=10 ms? ; c=340 ms ; and 

v=500 Hz. 

Hence observed frequency, 


ус 


ENA 
= 340 
340—10 

Example 17. 4 stationary source emits sound of v=1000 Hz- 
If. wind blows at the speed 0:2 c, calculate for a Stationary observer, 
(a) the change in frequency, (b) the percentage change in the wavelength- 
Recalculate these values if instead of wind the observer moves with the 
speed of 0'2 c towards the source. 

Solution. Неге v—1000 Hz, V.—0. 

First Саве. Vm=0'2c, V,—0. 


X 200--515:15 Hz. 


5 1_¢+Vm—Vo 

(UNE ES туе у 
O 7E x 1000=1000 Hz. 
Hence change in frequency=0. 
b AC 
(b) A 1000 
x EVm=V, = ct0'2c 12e 
М ~ 1000 ~ 100 


<- Increase in А, Ад D20 с. 02c 
. 1000 1000 100 


% increase in A= Û Es 1000 -x 100=20% 
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Second Case. Vm=0, Vo=—0'2c 
(a) y! £i Vm Vo, 


EL AU x 1000=1200 Hz 


Therefore, % increase in frequency 
1200— 1000 ME 
= 000 X100— 2095 


(b) Ac eut С 
v 


Hence change in wavelength =0. 


Example 18. Consider a source moving towards an obseryer at 
the speed 0'9c. Calculate the observed. frequency if the true frequency 
is 600 Hz. What would happen if the source is moving at the speed 
Г'Іс i.e,, at a speed greater than that of sound 


Solution. First Case. Vs=0'9c ; Vo=0 and v—600 Hz. 
c— V, 


inem A 


y 


È 

= Vo x 600=6000 Hz, 
Second Case. V:=1 lc; У=0 and »—600 Hz, 
(a) If the source is approaching the observer, 


D 


v= 


T y 
c—Vs 
[4 


ele 


x 600=— 6000 Hz. 


The observer will hear no sound since negative frequency is 
meaningless. 


(b) If the source is going away from the observer, 


с 7 
— — X600—285'7 Hz. 
"UC 2857 Hz 
The observer will hear a sound of less frequency. 

Example 19. A stationary siren has a frequency of 400 Hz. 

17 the velocity of sound is 340 ms !, calculate the frequency of the 


(Qd of siren as heard by the driver of a car moving. at 54 Km Ir? 
(а) towards the siren, (b) away the siren. 


Solution. Here V,—0, v—400 Hz., c—340 mas", 
У„=54 Km hr 1=15 ms™ 

(a) `` The observer is moving towards the seurce, 
Vo=~15 ms 

E] cj 

c 

. 3404-15 

77* 2340 

(b) °. The observer is moving away the source, 
Vo=+15 ms? 


vie ONS x400=38235. Hz. 


۷ 


х400=417`65 Hz. 


A im light 
Example 20. The spectral" line fer a given &lement in ligh 
received from a distant star is shifted towards the longer waveleng 
by 0°02%. Deduce the velocity of the star in the line of sight. Velocity 
of light in vacuum is 3 x 108 ms, i 


Solution, Here only the star, which is the source, is in 
motion, hence 


1 
er ау a (eoe) 


or e esM 


or Ys -( 9) 
c 


=—6% 104 ms, 


It means the star j i fro with the 
velocity 6х 104 m is moving away from the observer wi 


Example 21. his 
instrument Precis a drop ay Sa, tor car crosses a polieemán he 


op of 8% in t ate ї 
Wt ca e e ih i ce шо 
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Seluti queo $ 
nolien opm The change in frequency as the car crosses the 


c € 
amp кугы 
Av 2cVe ` 2cV, 
у = РУ) 
(.* Và « < с? and so neglecting У) 
Ay 2V. 
ORC 
s 2%, 
100 340 
,13:6 ms ! 
=48'96 Km h^. 
Example 22. 4 radar wave has a frequency of 8X 10° s73, The 
à aita wave from an aeroplane HE a E difference 2'5 X 
Soh the higher side. Calculate the velocity of aeroplane. 
lution. Here v=8x 10° s7? ; (v/—7)—2:5X 10° s~: 


С=3Х10* ms! 
Now وپ ر‎ v 
x-( ал E 
۷ [4 / 
Of; -( 14%) [ since үй <<! | 
с e 


v'—v. 
v.-( y ) с 
2:5х10%Х3 10" 
i 8x10 
29375 ms^* 
Hence the velocity of the approaching aeroplane, 


ELS 
UP. ms 1-168775 Km h7? 
i. Jitude when the 
E ulate the displacement атр! 
wave rcr 23, ue and its frequency is 700 Pe а 
wit the average distance between e Pre mole; at T.P. volume 
that Avogadro number=6 х10" fia | ; ET узары 
epee by 1 hgamole of а 15015 
та velocity ef sound= eh 1 ka 
—5Wm^;v-708 Hz: p=1'3 Kg m 
Solution. Here 17340 met and A=? | 
We know Пеп? А?ес 
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ГЕТЕ 
ASA oos 
x 7 5 
—700х22 2X1°3 x 340 
=3°42 x 1075 m. 


H LEV] 
average distance between gas molecule be ‘x metre, 
then et Ene e will occupy the volume equal to volume of a cube 
of x metre side i.ı2., x? metre? 
But 6:10?! molecules are occupying volume==22'4 metre? 


Volume? occupied by one molecule= 2 metre? 


on | =( 24 xion 


=(37:33)1/3 x 10-9 
Now let >= (37:33)1® 
& log y=} log.(37:33) 
—1x1:5720 
=0°5240: 
y=Antilog (075240) — 3:342 
X-—3:342x 1059 m 


ATE NE à 
[ y 0 * It means amplitudeis 10% times the Spacing 
between the molecules. ` 


. What is 
the Bulk modulus of elasticity ? am 


ÜFelocity of sound iin air=330 m/s] [A.L.S.S.E. 1983] 
'Solution. Time in air, 
660 
= 307 =2s 


Time in Steel, 14722—1'89—0'11 s 
Velocity in steel, 


Now 
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E-cip 
=6000? x 8 x 108 
—2:88 x 10% №2. 
_ Example 25. Qut of two interfering sources A and B, source 
A is ahead of phase by 60° relative to B. If an observation point Р is 
such that PB—PA-—2'54, calculate the phase difference between the 
waves from A and B reaching P. 


Solution. The initial phase difference between the two 
waves, 


9,60? —60 x —S—rad— - rad. 


180 3 
Now  . p=PB—PA=2'5A 
2n 
.'. Equivalent phase difference, =) )r 
2n 
—— X2'5A 
А x2'5 


Total phase difference, 
= 


=з +5т=5%т 
Example 26. Waves from two sources have amplitude ratio as 


4 : 1. Calculate the ratio of intensities at the maxima and minima 
т the interference. 


Solution. 
Aj 4 


y 25 


=F 9 


Example 27. Sound waves from the two sources superpose on 
each other with intensity ratio 16 : 9. Find the amplitude ratio and 
the ratio of intensities at maxima and interference. 


Solution. gp 
: I, 16 
Amplitude ratio, уде 


1 
Tr = 


2 1, 
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Ilaso. v D? 
and Ims. _ (7—1)? 
(s 49. 
== 


Example 28. In an experiment with Quinck's tube, one passed 
from one maximum to the next maximum sound when the U-tube was 
slided by 40 cm outwards. Calculate the wave length and frequency 

. of the sound waves if the velocity of sound is 340 ms, 


Solution. When one passes from one maximum to the next, 
the path difference will be A. 

Sliding of U-tube by 40 cm will create a path difference 

=2x40=80 cm. 

on ۸=80 ст.=0'80 m. 

Now c=340 ms 

EL 
y= =g 7425 Hz. 

Example 29. Two identical sources are separated by a distance 
of 40 cm. The observation plane is 1 m away from the line joining the 
sources and fringe width is found to be 0°25 m. Calculate the frequency 
of the source. The velocity of sound in air is 340 тї, 

Solution. w=0°25 m; 2—40 cme0:40 m 3 
D=1 т; c=340 ms™, 

wd 
A= 
025 x 0:4 
_ 223×040 0:100 m 


Now У 


Example 30. Two tuning forks A and B when sounded together 
give 6 bears per second When tuning fork A is filed a little, number 


of beats per second increases. Find the frequency of tuning fork B 
when that of A is 256 Hz. 


Solution. у1=256 Hz, v=6 Hz. 
*. Frequency of tuning fork B, Ч 
Pay 4v 
=256+6 


=262 or 250 Hz 
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On filing T.F. ‘A’, its frequency will increase and since -at the 
same time, number of beats increases, it means frequency of T.F. 
A’, is more than that of ‘B’. 

Frequency of T.B. «В’=250 Hz. 

Example 31. Tuning fork A is sounded with tuning fork B 
whose frequency is 284 Hz. Then 4 beats per second are heard. lf 
tuning fork A is loaded with a little wax, number of beats per secon 
remains the same. Find the frequency of tuning fork A. 


Solution. y,—284 Hz, y=4 Hz 
Frequency of T.F. “А”, 
ya—Yi XY 
=28444 


=288 or 280 Hz. 


hy On loading T.F. ‘A’, its frequency will decrease and since at 
the same time number of beats remains the same, it means jnitially 
the frequency of T.F. ‘A’, was higher than that of B by 4 and then 
it was less than that of B by 4. 


Frequency of T.F. A'—288 Hz. 
of wavelengths 80 cm and 


81 Example 32. When two sound waves 
11 i travelling in the same direction in air superpose on each other, 
in ER are produced in 2 seconds. Calculate the velocity of sound 


Solution. No. of beats per second, 
у=уу—Уз 


81—80) 

99 (б x80 
81x 80 

eR d 

1356:40 ms-* 


1235640 cm 5^ 
кь е 10 beats 


Example 33. TW Ила forks А апа ed column of air 
in ‘Aisi onance with a closed со ит | 
cy M P in r ance with an open column of air 50:5 cm 
long. Calculate the following * 

(a) velocity of sound in air — 

(b) frequency of each of the tuning forks A and B. 
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Solutiom. The frequency of T.F. ‘A’ (in resonance with 
closed column of air) 
с € с 
41 4x25 100 
The frequency of T.F. ‘B’ (in resonance with open column 
) ) 


of air 
pase AG CE че. 
27 =2x505= T0] 
Now v= —Y 
10 c с 
26 3 100 — 10i 
— 100х101 10 
^ (101—109) 3 
—33,666:6 cm 5-1 
=336°67 ms 
c 33666:6 t 
Now 5—7100 =~ 199 =336:66 Hz 
c 33666:6 > 
and v= TOL 7 qo, ——333 33 Hz. 


An obseryer moving towards a wall at 10 msi 
Py Jrom a source at some distance behind him as 
well as after reflection from the wall. Calculate 


the number of beats 
Per second betwe True frequency is 170 Hz and 
velocity of sound in air is 340 ms, 


irect sound from the Source, the observer 
Vo 4-10 ms7t 
Observed frequency in this case, 


For the тей 


lected sound, the observer is moving tow. 
Source (wall), 


ards tbe 
Vo=—10 msi 
©. Observed frequency in this case, 


y 170‏ ر 


3 
5 
um. X170 Hz. 
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No. of beats per Second, 


vy=Pa—Vy 
NBS 33 
=з х 170-37 x170 
2 enm em: 
—34 x170—10 s 


Example 35. The number of beats per second is 6 when a 
tuning fork is sounded together with a string when its length is either 
95 cm or 100 cm. What is the frequency of the fork ? 


Solution, For fundamental note, 


аску 
#2] mi 
ym VES for first case 
125495 m. . 
:and Y. d T for second case 
t 22x 100 m 
1 100, 20. ...(1 
vim IS1 ib 
If the frequency of tuning fork is ¥, then 
and оар aman ы | 
" 2 i 
Eqn. (1) becomes 
vt6 20 
»—6 19 


19(v+6)=20 (v— 6) 
19у4-114=20у— 120 
20v—19v=120+ 114 
DE | y=234 Hz. 
Example 36. Ол a quiet day, two persons A and B each 
Sounding a note of frequency 580 Hz, are standing a few metres apart. 
Calculate the number of beats heard by each in one second when A 


moves tow ?i ] s (C=330 m/s) 
owards B with u velocity 4 т! [4.1.5 S.E., 1987 Compt.) 


Solution. (i) Let the moving person *A' be the source. 
Then the feque of the sound of A as received by stationary 
Observer B, 


` 0 
ci EX 580=587 Н 
п 5702—0109 XS. 87 Hz 


(ii) Let the stationary person Lf Gp танды EOS Aa 
` frequency of the souad of B.as received by the observer A moving 
towards the source, 
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we CD _ G30 4) 550587 Hz 
= | 


No. of beats heard per sec, by 
А=у;—у=587— 580—7 
umber of beats heard per sec, by 
SUR B=v,—v=587—580=7, 
Example 37. Calculate the fundamental frequency of a sono- 


of the length 40 cm. The mass per unit length of the wire 
RU MARIA т^ and is under tension of 16 N. 


Solution. For fundamental note, 
um ү = 
EN 
1 16 
=2x040 y 49x103 
=71:4 Hz. 


Example 38. 4 String of length 50 с 
is stretched by a load of 2 kg. 


(a) speed of the transvers 


€ waves in the wire 
(b) the frequency of fundamental note. 
(c) the frequency of the second overtone. 
Solution. 1—50 cm g 
= "384 —0:00968 g cm~ 
and T=Mg=2000 8X980 cm s-2— 19°6 x 105 dyne.. 
: т : 
(a) eA m 
19:6 x 105 4 
=a) се s 3X10? cm 5-1 
—142:3 ms, 
(b) For fundamental note, p=1 
OZ EN 
oe 2527 m 


1 ү 2 7 
amli, 10% 142-3 
750 X 142:3 x Hz. 
(c) For the second overtone or third harmon 
: cp AULEM 
a P у = 
3 


Exp : 2 — 496: 
23x50 * 142°3 х 10°=426'9 Hz, 


ic, p=3 
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. Alternative. Тһе second overtone for a string under. tension 
is the same as the third harmonic for the string. 

Frequency of third harmonic=3 times the frequency of funda- 

mental note. 
=3 X 142°3=426'9 Hz. 

Example 39. 4 sonometer wire under tension vibrates with a 
fundamental frequency of 480 Hz. What would be the fundamental 
frequency if the wire is under one-fourth the tension, half as long and 
twice a thick. 


Solution. For fundamental frequency, 


SRNE 
= DN rP 


Е. эы 
P = 7р me ___ 
2. [TA 
and Y= Tx 2D тр 
1 Adi 
—2 IDN me 
1 
у= 9771 


= x 480=240 Hz. 


long copper wire, having density 
9000 keg mr e gf etched by а load of S'ke- Iti seen that it vibrates 
in a fundamental mode of 252 Hz. Find ойна 
Solution: Joim,v=252 Hz Т=5Х98=490 N and for 
fundamental mode of vibration, р==1, 69000 Кеш 
1 [т 
p. =N re __ 
1 4x1 
252= a) 22x 9000 
or 252= 004162 
: _ 004162. m 
5M р= 952 
— 165x1074 m 
=0:165 mm. Я d 
rning fork of frequency 284 Hz- is sounded 
along perpe T 5j eas 43 cm aid stretched to a tension 


of Ske wt. Mass per unit length of the wire is 25x10 kg m^. 
Calculate the e of beais produced per second. 


262 


Solution. /—25 cm —025 m, m—2:5x10-? kg m7! and: 
; T—Mg-5x98 N. 
For the fundamental note of sonometer wire, 


; xi 
2] m 
1 


7 5x98 
772x025 V 25x103 


=280 Hz. 
No. of beats per sec.—284—280—4 8-1, 
Example 42. A resonance air column resonates with a tuning: 
fork of frequency 512 Hz at the column lengths 16'8 ст and 508 cm. 
Calculate the following if the room temperature is 27°С. 


(a) velocity of sound at the room temp. 
(b) the end correction. 
(c) the velocity of sound at 0°C. Ч 
Solution, y—512 Hz 142168 cm and ,=50:8 cm. 
(a) Velócity of. sound, 
i с=2У(Ь„—1,) 

—2X$12(50:8—16:8) 

734816 cm s-1=348'16 m s-!, 
(b) The end Correction, 


gc. i 3h 


ba р. aos 


fc) ¢=348'16 ms, T,=273+27=300 K and: 
To=273+0=273 K. 


NE Хе 
Ni A x 34816 
=332'12 m s7!, 


Example 43, In a resonance air column experiment the first 
resonance occurs at column length of 17:9 cm with a tuning fork of 


Srequency 480 Hz. Cal. sound in ai ing’ 
thie end correcting, alculate the velocity of ir, eins 


Solution. On neglecting the end correction, 
4 =) 1+0) 
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De A=4ly 
=4 x 179=71'6 cm. 
Now с=уА 


—480 x 71:6—34368 cm s71—343:68 ms. 

Example 44. What will be the frequency of sound emitted by 
an organ pipe of length 34 cm in the following cases if the velocity of 
sound is 340 ms“, г 

(a) when the pipe is closed. 

(b) when the pipe is open. 

Solution. L=34 cm=0°34 m, c—340 ms. 

(a) For closed pipe, frequency of the fundamental note 


4L 
= egi 250 Hz. 
(b) For open pipe, frequency of the fundamental note, 
ii 
"iste 


Example 45. An open pipe 38 cm long and a closed pipe 32 


. €m long, both of the same diameter, each : ounding its second over- 


tone, are in unison. If the fre ! 
) quency of sound emitted by them is 

1300 Hz. Calculate the following : 

(a) the end correction of these pipes- 

(b) the velocity of sound in ar. 

Solution. (a) For second overtone in open pipe, 

263 Ces 
%—3 гарох) 

and for second overtone in closed pipe, 


5 
But Yb—Yyec 
ы эк а шу 
2(1+2х) 4(1‹+х) 
6(Le+x)= 5(Lo+2x) 
of х-ы 


RD d M 


5c 
©) 1300— F705) 
ےے‎ 1300< 4325 33800 em کہ‎ 
=338 ms-!. 


Example 46. A tuning fork of frequency 340 Hz produces 
resonance with a column of air. If the velocity of sound in air is 340 
ms™, calculate the length of air column, when 


(a) it is open at both end. 
(b) it is closed at one end. 


Solution. (a) For an air column open at both ends, 


YL 

| L= 4g =05 m=50 cm. 

(b) For an air column closed at one end. 
—& 

L-- 5-025 m=25 cm. 


Example 47. 4 rod 3 m long is clamped in the middle and is 
set into longitudinal vibrations. If the reno, of de ате] 
note produced by rod is 900 Hz, calculate the velocity of sound in rod. 

Solution. For fundamental note in a rod clamped in middle, 
A=21 
=2x3=6 m 
Now c=vA 
=900X 6 
=5400 m 5-1, E 
Example 48. In Kundt's tube experiment, the mean distance 
between two successive heaps in air column of tube is 5 cm. The length 
of the rod is75 cm. Calculate the velocity of sound in the material of 
the rod, if the velocity of sound in air is 340 ms“, : 


Solution. A,,—2x mean distance between two 


successive 
heaps. 
=2x5=10 cm 
Aroa=2 X length of the rod 
=2x75=150 cm. 


à 
Чеч Cra $Ê X Catr 
Аа, 
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150 
=-0 x340 
=1500 ms™. 

Example 49. Two tuning forks А and B give 5 beats|sec. A 
resonates with column of air 15 cm long closed at one end and B with 
a column 30:5 ст long which is open at both ends. Calculate their 

frequencies (Neglect end correction). [A.LS.S.E. 1985 (Compt.)] 


Solution. For closed air column, 

A, =41,=4 x 15=60 cm 
For open air column, 

Ag=2/,=2 x 33'5=61 cm 


Now . em «4A, 33, | х 
С. »1Х 60=(¥,-—5) X 61 (since A, « à) 
v,—305 Hz 


v47305—5-—300 Hz 
Frequency of tuning fork A==305 Hz 
and Frequency of tuning fork B=300 Hz. 
Example 50. The vibrations of a string of length 60 cm fixed 
at both ends are represented by 


vay sin( zz ) cos (96 тї) 


ШӘ. 
where x апа 7 and t in seconds. Calculate (a) The maximum 
displacement: of e ДЕЕ, ES m) (b) the postion of nodes ш 
Т і i the particle at x= 
f uae he string (c) the velocity of the P (LT. 1989) 


Solution, (a) Аїх=5 ст 
.(nXS 
y=4 sin ( 15 


=4 sin = cos (96 n t) 


) cos (96 v 1) 


К) 5 
утв=&Х -7 x 1=3'464 cm. 


(b) Nodes must have zero displacement at all times. 


‚_ (mx) = 
E sin (7 ; ) 0 
тх r UH 
js "T where п is a integer. 
ог х=15 п j 


=0, 15 ст, 30 cm, 45 cm,......... 
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6. 


(c) At х=7:5 cm. 
exito ( 75 ) cos (96 x г) 
z 
#2 
=4X l Xcos (96 n t) 
34 y=4 cos (96 x t) 


.. Velocity (2)--« [sin (96 х £)]x 96 x 


=4 sin cos (967v t) 


1 
At t= Z sec. 
Velocity=—4 [ sin (ss кх +) ps * 
—-—4x0x96 2-0. 
EXERCISE 13 
(Take x—3'14) 


The audio range of frequency for human being is from 20 Hz 
to 20 KHz, If the velocity of sound in air is 340 ms, cal- 
culate the range of audio wavelengths, 


The frequency of a factory siren is 1000 Hz. If the velocity of 
sound at that place is 330 ms~, calculate the wavelength of the: 
sound produced. | 


If the velocity of waves in medium A is 150 ms”, find the 
velocity in medium B. The wavelengths of waves in two media- 
are 12 cm and 15 cm respectively. 


The volume elasticity and density of water are 2'24 x 10° Nm? 
and 10° kg m7” respectively. Find the velocity of sound in 
water. 


For aluminium, the Bulk modulus of elasticity is 75 x 10° 


Nm? and density is 2°70 x 10° kg m=. Find the velocity of 
longitudinal waves in aluminium. 


For iron, the Bulk modulus of elasticity is 270x192 Nm” 
and density is 7'8 X 10° kg m~’. Find velocity of longitudinal 
waves in iron, 


A piece of wire 40 cm long stretched by load of 4 Kg and has 


-a mass 1'24 g. Find the velocity of transverse waves in the 
Wire, < 


А piece of wire 6 metre long has a mass of 8 g and is stretched 


MAE tension of 100 N.. What is the velocity of waves in the 


10. 


12. 


13. 


14. 


15. 


16. 


17, 


18, 
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Find the temperature at which the velocity of sound in air vil! 

be twice of that at 17°С. 

At what temperature sound travels in oxygen with the same 

velocity as in nitrogen at 7°C. Atomic weights of the two gases - 
are 16 and 14 respectively. 

The velocity of sound in air at 17°С is 340 ms?. What will 


+ be the velocity of sound at 127°C and if the pressure becomes 


thrice ? 
A harmonic waves is represented by 
£—0'14 cos (1571—0:98x) 

where the Ё, t and x are in mm, s and m respectively. Cal- 
culate (a) the displacement amplitude (5) the time-period (c) 
the angular frequency (d) the wavelength (е) the wave velocity 
(f) the amplitude of particle velocity and (g) the amplitude of 
particle acceleration. 
À harmonic wave is given by 

£—12 sin r (0'01 x+2'0t) 
Where £, x and t are in mm, m and s respectively. Calculate - 
all the 7 quantities as in question number 12. 
A plane wave is represented by 

E25 e-0-0t cos (10001—0°75x-+n/4) 
where E, x and t are X 10-4 cm, m and s respectively. Calculate 
the following : 
(a) the phase at x=0, t=0. 
(b) the amplitude at x=40 m. 
(c). phase change at a given place in 10°? s. 
(d) phase difference between the points separated by 20 cm. 


If p is the density of a medium and cis the wave velocity in 
that medium, prove that the pressure amplitude P of the 
waves in that medium is related to the wave intensity I by the 
following formula 
Po у 21рс 
Find out the ratio of pressure amplitudes of sound waves 
aving equal intensity in air and water. The ratio of velocities 
of sound waves in air and water is 1: 4. [Density of air is. 
1'3 kg m] 
A 50 watt source.sends out sound waves of 500 Hz, equally in 
all directions in air. Calculate the intensity of sound at a point 
0 m away from the source. 1fc—340 m s? and p=1'3 kg 
m=, calculate the displacement amplitude. 


A drop of water, 6 mm in diameter falls from a height of 2 m: 
and produces sound which can be heard from 10 m distance.. 
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19. 


20. 


21. 


22. 


23. 


24. 


25. 


26, 


le of the gravitational energy is converted into sound 
26 vin AUI, Calculate the intensity. If c—340 m s, 
р=1'3 kg m^? and v—1000 Hz, calculate the displacement 


.amplitude. 


Two polaroids are adjusted to give the maximum intensity of 
light. To what fraction of its maximum value is the intensity 
reduced when one of the polaroids is rotated through (a) 90 
(b) 60° (c) 45° and (d) 30° ? 

Two polariod are a 
light. Calculate t 
mum intensity if : 


(a) the first polaroid is rotated through 45° anticlockwise. 
(b) then second polaroid is rotated through 45° anticlockwise. 
(c) the first polaroid is now rotated through 30? clockwise. 


A locomotive moves towards you with a speed of 108 km/h 
blowing a whistle of frequency 1000 Hz. At the same time you 


move towards the locomotive in a car with the speed of 90 km/ 
h. Determine apparent fr quency of the whistle. The velocity 
of sound in air is 335 5-1, 


Two aeroplanes having velocities of 216 and 252 km h-! are 
approaching each other. A sound is emitted by the first. The 
frequency of this sound as heard by the pilot in the other is 
600 Hz. If the velocity of sound is 340 ms”, calculate the 
ture frequency. 


dusted to give the maximum: intensity of 
he ratio of intensity transmitted to the maxi- 


What is the speed of a boat if the fr 
produced by the whistle of the boat 
660 Hz when the boat is ap 
velocity of sound is 350 ms-t 


A man standing near a railway line hears the whistle of an 
engine which bas the velocity 108 km h-. What frequency 
does the man hear, if the true frequency of the whistle 18-570 
Hz 7 (Velocity of sound in air is 350 ms) 

A siren on a police car has a frequency 660 Hz. What frequen- 
cy will be heard by a man standing by the side of the road 
when the police саг in moving at a speed of 54 km h-! (a) 
towards the man (b) away from the man. The velocity of 
sound in air is 345 ms7!, 


equency of the sound 
at changes from 620 Hz to 
Proaching a vertical cliff; The 


. Two.trains A and B are approaching one another with the 


relative velocity of 72 km h™, If the frequency of the sound 
of the whistle produced by train A is 500 Hz, calculate the 
frequency of the sound as heard by a passenger in the train B 
under the following conditions : 

(a) All velocity is in the train A alone. 


(b) AM velocity is in the train B alone. 


27. 


29. 


30. 


31. 


32. 


33. 


34. ' 


35, 


36, 


37. 
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(c) The train A moves at 90 km h- towards train B, but the 
train B also moves in the same direction. 


(The velocity of sound is 340 m=). 


When a motor car crosses а policeman the frequency of its 
horn is detected to drop by 10%. If the true frequency of the 
horn is 500 Hz and velocity of sound in air is:340 ms, calcu- 
late the speed of the car. 


When a motor car crosses a policeman, his instrument detects 
a drop of 11% in the pitch of the car. Calculate the speed of 
the car if the velocity of sound is 330 105-1. 


A passenger standing on a railway platform observes that when 
a train crosses him at a speed of 54 km h71, the frequency 
of the whistle appears to drop by 68 Hz. If the velocity of 
дий is 340 ms~, calculate the true frequency of the 
whistle. 


Consider a source of sound moving towards an observer at thè 
Speed (a) 0°75 с (b) 1'25 ‘с. Deduce the oberved frequency oj 

the sound in each case if the true frequency is 500 Hz. 

A submarine is approaching a ship with a certain velocity. If 
the true frequency of sonar is 60,000 and it measures an 

increase in the frequency as 500 Hz, what is the speed of sub- 

marine ? ' The velocity of sound in water is 1400 ms-!. | 

An aeroplane is approaching a radar with a certain velocity. If” 
the radar wave has true frequency as 7'5 х 10? s7 and it shows 
a frequency difference of 2:5 x 10? s~1 on the higher side, calcu- 
late the velocity of aeroplane. 

The spectral line of A-5000 A in the light coming from a. 
distant star is observed as 5200 À. Determine the recession 
velocity of the star. [4.1 S.S.E. 1982}, 


The equation of a harmonic wave is given by 
у(х, t) 260 cos 56 (= =) metre 

where »=280 115-1 what is the time period and wavelength ? 
[D.S.S.E. (Compt.) 1981}; 

Write the value of amplitude and angular frequency in the. 

following simple harmonic oscillation : 

y 7:070 cos (18074-0:23) 

where the various quantities are in MKS units. 1 
[D.S.S.E. (Compt.) 1985] 

What is the phase difference between two sound waves y=q si 

(wt—kx) and y=a cos (wt — kx). [С.Р, МТ. 19754 

The displacement of a particle is given by 

y=5X 10" sin (1007— 50x) 


38. 


39. 


41. 


42, 


43. 


44. 


45. 


46. 


4T. 


48. 


is i dtisseconds. Find out the velocity of 
M CERA e {C.P.M.T. 1982] 


ity of sound is measured in Hydrogen and Oxygen 
рде s ven temperature. What is the ratio of two velo- 
cities ? [C.P.M.T. 1976] 


The speed of sound in a gas at N.T.P. is 300 m/s. If the 
pressure is increased four times without change in temperature, 
what will be velocity of sound ? [N.C.E.R.T. 1980] 


The equation of wave travelling in a spring can be written as 
y=3 cos т (100:—x). What is its wavelength if x is measured 
in cm ? [M.N.R. 1985] 
A transverse wave of amplitude 0'5 m and wavelength 1 m and 
frequency 2 Hz is propagating in a string in negative x-direc- 
tion. What is the expression for the wave ? [A.1.I.M.S. 1980] 
A source emitting sound of frequency 1600 Hz and an observer 
are approaching one another with the velocity 80 ms-?, Cal- 
culate the observed frequency : ; 
(a) if the source alone is moving. 
(b) if the observer alone is moving. 

(the velocity of sound=330 m s) [4.1.S.S.E. 1986] 


If two waves due to two sources having intensity ratio 25:9 


interfere, find the ratio of the intensities at maximum and 
minimum. 


When the two tuning forks are sounded together, these produce 
6 beats per second. The frequency of one fork is 256 Hz. When 
the other fork is loaded with a little wax, the beats per second 
is 4. Calculate the frequency of the other fork. 


When two:tuning forks A and B are sounded together, 5 beats 
per second are heard. If fork ‘A’ is filed a little, only 3 beats 
per second are heard. Calculate-the frequency of fork ‘A’ when 
that of ‘B’ is 512, 


Two tuning forks when sounded vogether produce 4 beats per 
second. When one fork of frequency 480 Hz is loaded with a 
little wax, the beats are found to occur at longer intervals. 
Calculate the frequency of the other fork. 


Two tuning forks when sounded together produce 3. beats -pei 
second. If one of the fork of frequency 326 Hz is filed a little, 
the beats are found to occur at shorter intervals, Find the 
frequency of the other fork. 


Two tuning forks produce 4 beats per second when sounded 


together. The frequency of one fork is 384 Hz. Calculate the 
frequency of the other fork, 


is ова with E The beats stop ifthe second fork 


49. 


50. 
51. 
52. 
53. 
54. 


55; 


56. 


57, 


58. 


59 


60. 
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Frequenoy of'a tuning fork is 256 Hz. When it is sounded with 
the other fork, it produces 6 beats per second: When the first 
fork is filéd'a tittle; the number of beats still remains the same. 
Calculate the frequency of the other fork. 

If the waves from two: sources have the amplitude ratio 5: 1, 
calculate the intensity ratio of the two waves and the ratio of 
bua i maximum and minimum in case of their inter- 
erence. 


Sound waves from two sources superpose on each other with 
intensity ratio 25: 16. Find the amplitude ratio and the ratio 
of intensities at maximum and minimum in interference. 


Compare the-ratio of fundamental frequencies of open end and.. 
closed end pipes of the same lengths. | 
Among two interfering sources, let S, be ahead in phase by 90° 
relative to Są. If an observation point is such that PS,—PS, 
=2°0 A, calculate the phase difference between the waves from 
S; and S, reaching P. 

Inan experiment with Quinck's tube, one passed from one 
maximum to the next maximum sound when the U-tube was 
slided by 33:5 cm. Calculate the wavelength and frequency of 
the sound wave if the velocity of sound was 335 ms" !. : 


In a Quinck's tube experiment, one passes from one maximum 
sound to the next minimum sound when the U-tube is slided 
by 16cm. Calculate the wavelength of the waves. Calculate 
the velocity of sound if the frequency of sound is 530 Hz. 
Two closed organ pipes of lengths 50 ст and 55 cm respecti- А 
vely produce 15 beats per s:cond when sounded together. 
Calculate the velocity of souud. 
When two sound waves of wavelengths 76 cm and 75 cm 
travelling in the same direction in air, superpose on each other, 
beats per second are produced. Calculate the velocity of 
Sound in air. 
Two tuning forks ‘A’ and ‘B’ together give 11 beats in 3 
seconds when the fork ‘A’ is in resonance with a closed column 
of air 25 cm long and ‘B` is in resonance with an open column 


‘of air 49:5 cm long. Calculate the following : : 


(а) velocity of sound in air. — zn ү 
(b) frequency of each of the tuning forks ‘A’ and ‘B’. - 

Two open organ pipes give 8 beats per second when sounded 
togethor in ak at 27°С. How many beats would be heard when 
the temperature is raised by 100°C. The length of the two pipes 
may be supposed to remain unchanged. { 
A cyclist moving away from a hill at 6 ms™ hears a sound 
directly from a source in front of him at some distance as well . 
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61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


: calculate the frequency of the fundamenta 


reflection from the hill. Calculate the number of beats 
eem per second between these two sounds. True frequency 
of sound is 220 Hz and velocity of sound in air is 330 m s7. 


An observer moving towards a wall at 3 ms” hears a sound 
directly from a source at some distance behind him and as well. 
as after reflection from the wall. If the true frequency of the 
sound is 110 Hz and the velocity of sound is 330 ms", find the 
beat frequency. 


The number of beats per second is. 7 when a tuning fork is. 
sounded together with a string when its length is either 90 ст. 
or 100cm. What is the frequency of the fork ? 


A tuning fork of frequency 170 Hz is sounded along with a. 
sonometer wire of length 20 cm stretched to a tension of 1'25 
kg wt. Calculate the number of beats produced per second.. 
Mass per unit length of the wire is 2:5x 10-2 kg m^!, 


A sitar wire is under tension of 20 N and the length between 
the two bridges is 70 cm. А 5 metre sample of that wire has a 
mass of 10 g. Deduce (a) speed of the transverse waves on the 
wire, (b) the frequency of fundamental note and (c) the 
frequencies of first two overtones, 

A steel guitar is under tension of 90 N. If the mass per unit 
length of the string on the guitar is 1x 107?-kg m^1, calculate 
the velocity of wave on string. 


A sonometer wire of length 50 cm 


is under tensi D 
If the mass per unit length of th SaaS Pa 


e wire is 49x 10-3 Kg m-1, 
1 note. 

A sonometer wire is stretched by a load of 2 kg wt. Its 60cm 
length is in resonance with a tuning fork. Calculate the fre- - 


quency of the tuning fork, if 4 metres sample of the wire has a. 
mass 4 g. 


A wire of length 70 cm is stretched by a load of 1*5 kg. If its. 
frequency of vibration is 50 Hz, calculate the mass mek unit 
length of the wire. 


A sonometer wire of length 50 cm gives a fu 
256 Hz. When it has a tension of 1 kg wt. 
the wire to emit a note of 512 Hz. (а) 
constant, (b) keeping the length constant ? 


A piano wire of length 40 cm produces & note of frequency 
480 Hz. Calculate the frequency of the wire when its length is 
increased to 60 cm keeping all other factors constant, 

À wire under tension vibrates with a fundamental frequency of 
512 Hz. What will be the fundamental frequency if the wire is. 
under four times the tension, twice as long and half as thick ? 


ndamental note of 
1 how wil: you make 
keeping the tension 


(12; 
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74. 


75. 


76. 


77. 


^78, 


79. 


80. 


81. 
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A 50 cm long steel wire, having density 7'8 g/c.c. is under 
tension of 40 N. If it vibrates in the fundamental note of fre- 
quency of 256 Hz, calculate the diameter of the wire. 

A 80 cm long wire, having radius 0°18 mm is stretched by a 
load of 2 kg wt. If it vibrates with fundamental note of 480 
Hz, calculate the density of the material of the wire. 

The length of an organ pipe is 68 cm. If the velocity of sound 
in air is 340 m/s, calculate the frequency of the fundamental 
note emitted by the pipe in the following cases : 

(а) ‘the pipe is open at both the ends, 

(b) the pipe is closed at one end. 

In resonance air column experiment, if a tuning fork of fre- 
quency 480 Hz is used, two resonances occur at 17'6 cm and 


53 cm. Calculate the following if the room temperature is 
SE: 


(a) velocity of sound in air at room temperature. 

(b) the end correction. 

(c) velocity of sound at 0*C. 

In a resonance air column experiment the first resonance occurs 
at column length of 202 cm with a tuning fork of frequency 
426 Hz. Calculate the velocity of sound in air, neglecting the 
end correction. б 

А і P and a closed pipe 30'4 cm long 
arb Ce E end Me) аге in unison and Producing 
their first overtones. Ifthe frequency of sound emitted by 
them is 850 Hz, calculate the following : 

(a) the end correction of these pipes. 

(b) the velocity of sound in air. 

i d 510 Hz, produces resonance with a 
аа ef AUI of sound in air 340 ms^!, cal- 
culate the length of air column, when 
(a) it is open at both ends. 

(b) it is closcd at one end. 


À on steel rod. clamped in the middle is set into 
одоо vibrations in the fundamental note with the fre- 


quency 2:8 KHz. Determine the velocity of longitudinal waves 
in steel, 

A rod 2 m long is clamped in the middle and is set into longi- 
tudinal biet ie If the velocity of waves in rod is 5 km 591, 
calculate the frequency of fundamental note produced by rod, 


In Kundt's tube exreriment, the mean distance between iwo 
Successive heaps in the gas column of tube is 6 cm The length 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


' The first 


of the steel rod is 70. cm. Calculate the velocity of longitudinal 
waves in gas if that in steel is 5600 ms *. 


ndt's tube experiment, the mean distance between two 
Bee ee heaps in in column of tube is 5:5 ст. The length 
of the rod is 80 cm. Calculate velocity of sound in rod material 
if that in air is 340 ms". 
A. wire is under tension of 32 N and length between the two 
bridges is 1 metre. A 10 metre length of the sample of the wire 
has a mass of 2 р. Deduce the speed of the transverse waves on 
the vire and frequency of the fundamental note. 
‚ [4.LS.S.E. 1981] 
In a resonance tube using a tuning fork of frequency 325 Hz 
two successive resonance lengths are observed at 25:4 cm and 
ТТ`4 cm respectively. Calculate the velocity of sound in air and 
end correction. [D.S.S E. 1985] 
À stretched string is observed to vibrate with a frequency of 
30 Hz in its fundamental mode when the supports are 60 cm 
apart. The vibrating string has a mass of 30 g. Calculate (a) 
the speed of propagation of the transverse waves in the string; 
(b) the tension in the string. `[А.1.$.5.Е. 1985] 


An air column ina pipe which is closed at one end, is in 
Tesonance with a tuning fork of frequency 264 Hz. What is the 
length of air column in cm? (C=330 m/s) U. £T. 1985] 


A uniform. rope of length 12 m and mass 6 kg hangs vertically 
from.a rigid support. A block of mass 2 kg is attached to 
free end of the rope. A transverse pulse of wavelength 0°06 m 
is produced at the lower end of the Tope. What is the wave- 
length of the pulse when it reaches the top of. the торе? 


[1.1.Т 1984] 
A sonometer wire under a tension of 64 Newton vibrating in 
its fundamental mode is in resonance with a vibrating tuning 
fork. The vibrating portion of the sonometer wire has a length 
of 10 cm and a mass of 1.g. The vibrating tuning fork is now 
moved away from the vibrating wire with a constant speed and 
an observer standing near the sonometer hears one beat per 
sec. Calculate the speed with which the tuning fork is moved 
if the speed of sound in air is 300 m/s. [1.1.Т: 1983] 


A man is watching two trains one leaving and the other coming 


‘in with equal speeds of 4 m/s. If they sound their whistles, 


each of natural frequency of 240 Hz, what will be the number 
of beats heard by the man (C=350 m/s) ? [N.C.E.R.T..1984] 
An open organ pipe has a fundamental frequency of 300 Hz. 
overtone of this organ pipe is the . same as the first 
overtone of a closed organ pipe. What is the length of the 
closed organ pipe ? (C=328 m/s) [IN.C.E.R.T. 1982] 


91. 


92. 


693? 


94. 


95, 


96. 


97. 


98, 


99. 
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, À tuning fork of frequency of 480 Hz. produce 10 beats per 


sec. when sounded with a vibrating sonometer string. What 
must have been the frequency of string if slight increase in 
tension produces fewer beats/sec. than before. 

[N.C.E.R.T. 1984) 


A cylindrical tube open at both end has a fundamental frequ- 
ency £^ in air. The tube is dipped vertically in water so that 
half of it is in water. What will be fundamental frequency of 
theair column now ? (LET. 1981) 


A metal wire of diameter 1 mm is held on two knife edges 
separated by a distance of 50 cm. The tension in the wire is 
100 N. The wire vibrating with its fundamental frequency 
and a,vibrating tuning fork produces 5 beats/s. 


The tension in the wire is then reduced to 81 N. When the two 
are excited, beats are heard again at the same rate. Calculate 


(a) the frequency of the fork (b) the density of the material of 
the wire. [1.1.Т. 1980] 


The velocity of sound is 300 m/s. What is the distance between 


tw i des of a stationary wave of frequency 1000 
en eae [C.P М.Т. 1979] 


Calculate the frequency of the fundamental note in a sonometer 


STE the vibrating wire 8s cm; -fension=25 N. 
ith the length of the wire 103 cm? and density of the 


area of cross-section of 

material of the wire is 10* kg m7. [D.S.S.E. 1986] 

A tuni ency 500 Hz produces resonance in an 
tuning fork of frequency Hz, errand 0°65 m. Calculate 


air ssively at lengt and ( 
column cu Н d and sound in air. 


А d spee: 
the end correction and 8р [A.I.S.S.E. 1986 Compt.) 


A string 25 cm long and having mass 2 5 g is under tension. 
А E es at one 5 is 40 cm long. When the string is set 
vibrating in its first overtone and the air in the pipe in its 
fundamental frequency, 8 beats Per sec are heard. It is obser- 
ved that decreasing the tension in the string decreases the beat 


) i iri 20 ms”, find the 
frequency. If the speed of sound in air 18 3 p 
tension in the string. [L.IT.J.B:E. 1982] 


-1 kg/m is held with a tension of 1000 N. As 
SCOPE Chae DH торе, every point on the rope moves 


MU SHM. w th a frequency of 10 Hz and an amplitude of 


E ds i this wave what is (a) the velocity, (b) the wave- 

length, (c) the energy density ? | [D.S.S.E. 1987] 
d should an observer in à car approacha 

A вый еза so that i(s frequency apprears to be 10% 

higher 1 (Velocity of sound=340 m/s). — . 

| [D.S.S.E. 1987 Compt.] _ 
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100. 


101. 


102. 


103. 


105. 


106. 


107. 


- Two identical Sonometer wires 


A Sitar wire is under tension 30 N and the length between the 
bridges is 80cm. А 10 metre sample of wire has mass 272 g. 
Deduce 


(a) the speed of the transverse waves on the wire 
(b) the frequency of the fundamental note. — [D.S.S.E. 1988] 


The prongs of a tuning fork A, originally in unison with a 
tuning fork B, are filed. Now the two tuning forks when 
sounded together produce 4 beats in 2 seconds. What is the 
frequency of A after filing, if the frequency of B is 250 Hz? 
[D.S.S E. 1988 Compt.] 


The siren of a police car emits a note of frequency 500 Hz. 
This car is moving at a speed of 30 ms^!. A passenger car mov- 
ing at a speed of 15 ms“? is approaching it from opposite 
direction. What is the frequency of the siren note which is 
heard by the driver of the passenger car ;` 


(a) before crossing the police car, and 
(b) after crossing the police car. (c—330 ms-1), 
' [D.S S.E. 1988 Compt.] 
The density of air at S.T.P. is 1:293 kg m^. The ratio of 
the two principal specific heats is 1:40. Calculate the velo- 
city of sound at 20°C. (The standard pressure= 1'013 x 105 
Nm~) [D.S.S.E. 1989] 
i Tesonate at fund tal 
frequency of 300 Hz. when subjected to a tension of S EVI 
The tension of one of the wires is increased by 200 g. wt. 
Calculate the beat. frequency if both the Wires are sounded 


simultaneously. [D.S.S.E. 1989] 
A tuning fork of frequency 120 Hz is sounded alongwit 
sonometer wire of length 35cm. The wire is stretched by 
a tension of 2:5 kg wt. Calculate th 


ү the number of beat 
second (mass per unit length of the wire 0:05 glcm). CREME 


[A.I.S.S.E, 1989] 

A tuning fork produces two successive resonances in a reson- 

ance tube (closed pipe) experiment at lengths 22:0 cm and 68:2 

cm respectively, Calculate the end correction and the frequency 
of the fork. (Velocity of sound is 340 ms.) 

; [D.S.S.C.E. 1989] 


The fundamental note produced by a wire 50 cm. long has a 
frequency which is four times the frequency of the funda- 
mental note of another wire 150 cm. long. Assuming that 
both the wires are subjected to the same tension, calculate 
the ratio of the masses per unit length of the two wires. 


[D.S.S.C.E 1989] 


109. 


110, 


di. 


112. 


113, 


114, 


115, 
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OBJECTIVE TYPE QUESTIONS 


. The ratio of intensities of two waves is 1:25. The ratio of 


their amplitude will be 

(a) 1:25 (b) 5:1 

(c) 26 : 24 (4) 1:5 [C.P.M.T. 1988] 
The reflected sound is heard after 0'6S from a hill 100 m away. 
The velocity of sound is 

(a) 166°6 m/s (b) 60 m/s 

(c) 333:3 m/s (d) 332 m/s. [С.Р.М.Т. 1988]. 


The resultant of two amplitudes a; and as will be maximum 
when phase difference angle is 

(a) 180* (b) 0* 

(c) 90° (d) 45* [С.Р М.Т. 1988] 
The tuning fork ‘B’ is sounded with tuning fork A of frequency 
200-cps-and 3 beats are heard. If B is loaded with wax. 5 beats 
are heard. The frequency of ‘B’ is 


(a) 203 Hz. (b) 197 Hz. 
(c) 200 cps. (d) 206 cps. [С.Р.М.Т. 1988] 
In which of the following medium sound has maximum 
velocity ? 


(a) air (b) hydroge n id 
rbon dioxide. 
(c) oxygen (4) са [C.P. M.T. 1988] 


Waves transmit from one place to the CRM 
(а) energy (b) wavelengt 
(c) amplitude (d) matter. [C.P.M.T. 1988] 
The equation of progressive Waves is 
y=0°3 sin (314 1=157 x) і 
and y=0'1 sin (314 1—157 x+1 57) 
where х, t, у are in metre, second and metre respectively. The 
frequency of the wave is 
(a) 100 cps (b) 200 cps. 
(c) 50 cps, (d) 15 cps. _ [C.P.M.T. 1988] 
equation y=4 COS (kx—wt) is super- 
Mu E EEA weve form a stationary wave such that 
the point ДЕЛ; a node. The equation for the other wave is 
(b) —a cos (kx—wt) 


(a) asin (kx--wt) 
(б) = (d) —а sin (kx—wt) 
€) —a cos (kx 0) [LLT. J.EE. 1988] 


DIS 


116. 


117. 


118. 
119. 


120. 


124. 


125. 


. When the tension in a string is made fo 


- When the diameter of vibrating wire unde 


‘rhe displacement of particles in a string stretched in the x 


direction is represented by y. Among the following expressions 
for y, those describing wave motion are : 


(a) cos kx sin wt (b) kx? — w? 

(с) cos? (kx+wt) (d) cos (k’x?—w?t?), 

If the temperature of the atmosphere is 30°C, the velocity of 
Sound in air will be 

(а) 332 ms? (b) 340 ms"! 

(с) 350 ms (d) 362 ms“, 


For every 1°C rise in temperature, the velocity of sound in 
air increases nearly by 


(a) 0:3 ms? (b) 0°6 ms 

(c) 0'9 ms! (d) 1:2 тз”. 

In which of the following media the velocity of sound is 
maximum 

(a) . hydrogen (b) air 

(c) water (4) steel. 

The ratio of velocity of sound in oxygen to that in hydrogen is 
(a) 1:16 (b) 16:1 

(с) 4:1 (d) 1:4. 


~ The apparent f eard 
by the observer will be kn ash 


(a) greater than 480 (b) less than 480 
(c) equal to 480 (4) 0 


n ur times, the velocity 
of transverse waves over the String becomes 


(a). four times (b) two times 
(c) one-fourth (d) one-half. 


T tension in sono- 


meter is doubled, the frequency of vibration of wire becomes 


(а) twice (b) one-half 

(c) four times (4) one-fourth. 

How will the intensity of sound waves change if the amplitude 
of the waves is doubled 

(а) twice (b) one-half. 

(c) four times -. (d) one-fourth. 

The wave velocity is given by c 

(a) с=ујА (b) ezAlv 

(c) с=ул (4) c= 


y^ 
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126. In a stationary wave the distance between two successive 
antinodes is 
(а) 2/4 (b) 2/2 
(c) A (d) 2a. 

127. The distance between the two süccessive heaps of.powder in 
Kundt's tube is 


(a) 2a (А 
(с) А2 (d) АЈА. 
128. The fringe width *w' of interference fringes is equal to 
(a) Ad/D © D AD/d 
(с) D/Ad (d) d|AD. 
129. Two tuning forks produces the same beats/sec. as. before even і 
after loading one of the tuning forks with a little wax. Is it | 
possible ? E 
(a) yes (b) no r 
(c) not decided (d) question is incomplete. 


130. ‘Beats are produced due to 
(a) constructive interference 
(b) destructive interference 
(c) constructive and destructive interference 
(d) diffraction. ў 


131. What is the phase difference between the two points separated 


by А/2. 
(а) т/2 (b) = 
(c) 2x (4) =/4. 


132. -When the humidity of the atmosphere increases, the velocity 


of sound in air 
(a) increases 
(c) remains same 


(b) decreases 


(d) not decided. 
oO 


Answers 


EXERCISE r G) ьс (Hi) d. (8) 

L. (Dy c (ii) e (iii) f (iv) b (у) d vi) a 2. i) ii) a iii (iv) e 
(v) c. 3. NOU Л\Ш) e (iv) b (у) c (vi) a (vii) d 4..(1) e (ii) c (iii) a 
(iv) b w) d5. b 6. a7. c 8d. 

' EXERCISE 2 

1. LT, LT, MLT- 2. 14,13, ML-3 3. MDT”, MLIT? 
4. MLT, ML-T- 5. ML? 6. MLT- 7. МІ?Т-?, T^! 
8. MT”, MT-2]-1 9. MT-—[-3 11. MODT, МІЗТ-21-1 
12. IT, MLT2I3, MIp2T-q4 13, T=2eVi/g 15. a=—5/6, 
b=}, с=1/3 16. p=da/r 17, h= 21028 19. терида 


ken T ; 1 
a6 ys Уу? ces 2 29. (а) درام‎ (b) pulya (c) qii 
30. ()va?F (у идр (с) v*àF — 31. E=2n?mvia* 
32. v—kVAg 33. MLT- 34. p—hPg 35. v=kv gR 
36. T=2n | a 37. MLT? k3 38, (a) Е=ли?/г (b) E- jme? i 
39. 50 divisions on circular scale 40. 0°01 cm 4l. 0'5mm, 
0'005 cm 42. (a) 68%, (Б 50% 43. 5:669 449 
44. (0) 083%, ев » % (a) 566%, (b) 5:449 
1 


o 


: (а) 073489. "1729, 46, 3°84 

108m 47. 4x10 ke mes, C 7, 0) 0172% 46. зз 

Objective Type Questions ` 

48. c49. 450, c 51 (a) 3, (Б) 6, (c) 1, (4) 5, (e) 2, 4 
(d T b M css eU bag (i Hag? 

а о О8о 59а аа ei d eo, SS. 
64. e) EDT V RES 13:6, 13 . (a) 4 
b) 4 (d) 3 (e g 66. (a) 1015 b) 1°05 
ue (©) 16-8 (5) 12.5 (e) 1000 67. d 68, с 69%, 10% (b) 1057 

EXERCISE 3 

L 5175 87°, 875 ш 2. 5 kg m/s 3, 3 kg ms 

N 5. (a) 6275 kg, (b) (i) 50 kg, Ui) 25 kg 6. 1/3x 108 m 

Loss in К.Е. appears in the form of sound and heat ener, 


»^^m 17, (a) at 
16 m away from the mast 18. (а) 355 
(b) 900 m (c) 29:4 met :19. р 
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(с) 10°03 s 29. (а) 180 m (Б) 60 ms (c) 9s 30. 128, 98 ms“ 
31. 0'2 kg 32. 0'6 kg 33. 03535 34. 800 km/h 35. 1764 m, 
12s 36. 10s, 10s 37. (a) 6km/h, 6 km/h (6) 1'5 km/h, . 
45 kmh- (c) 0,4 kmh-! 38. Yes, Ктае=12 km 39. 500 N, if 
applied at 2 kg mass, 200 N if applied at 5 kg mass 40. 28 ms”, 
63N 41. 04 kg ms? 42. 273:6 N, 7157 N 43. 1736 N, 
258'8 N 44. (a) 6'25 ms, 8:86 ms-!, 45° (b) T8 ms, 2'0 ms 
38?48' 45. 18°25’, 63°08 N 46. 2:55 ms? 47. 327 ms, 13°33 
kg wt 48. 1:2 49. (a) 2ms? (b 48N 50. All the four 
graphs are impossible (a) A particle can't have two different posi- 
tion at the same time (b) A particle can't have velocity in opposite 
direction at the same time (c) Speed is never negative (d) Total 
Path length of a particle can never decrease with time. 51. It is 
wrong, X-/ plot does not show the trajectory of a particle, context : 
a body dropped from a tower 52. Greatest in 3, least in 2; V-0 
eA and 2 and V «0 in 3. 


DISPLACEMENT (x) in km. ——> 


8 E 


- 


8 


9.30 
A.M. 
11.30 


TIME (t) in hr —3 
Fig. 51 


36 13 min 55. 8 kmh™, 30° to verticle 
EE T o with the water stream 57. 109°86 m 
58. 5:1 ш 59, 05774 60. 7086m 61. (a). 0 (b) 018 J 
62. 12:25 в 5'25 s 63. 1 8,10 m from the ground 64, 2`86° 65. 105, 
99'6 ms) '66. 0 67. (а) The force on the ball is normal to the 
wall in each case (b) 13:10 68. 375 ms” 69. SON, 245 № 

qE 


1 
70. 31:25 m 71, Parabola, х= m 72. Q hits the ground in 
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SE 75 S0 " 
the middle of AB vertically, 5 42.s 73. 32 2.52 2 35 7 74 45 
with horizontal, 31°3 ms—. 
Objective Type Questions 


Bu a 71.6 78.a 79.b 80.b 81.a 82.b 83.4 84.a 
85.c 86.a 87.4 88.4 89.b 90.c 91.b 92.42 93.5 94.a 95.d 
96.c 97.c 98.c 99.d 100.c 101.d 102.c 103.c 104. b. 105. a 
106. a 107. c 108. a 109. a 110. c 111. b 112. d 113. b, 


EXERCISE 4 


1. 8x108J 2. 2x10*J 3. 25 m/s 4. 0,9800J 5, 32837] 
6. 2058 kW 7. 408m 8.24x10*J 9. 2x10°J 10.9:8 J, 196 J 


19. 11°76 x 105 J, 5444. W 20. 2°94 x 105 7, 1°96х 10*W. 21. (a) 1:47 
X 10° J (b) T5x 105 J (c) 14:95 kW 22. 9`8х 10° J, 34 kW 23. 45x 
10-19 J 24, 600 Nm^1,4:563x10*J 25. 5-2 ms“ 26. 0'4 cm. 
27. Rs. 38:40 28. 36 kmh” 29. 01314 J, 0/3942-] 30. (a) 196 J 
a —12:03 J (c):123:97] (d) 123:97J 31. (a) 9403:2J (b) —1746213J 
VON 6981987 J (d) 7:56987 J 32. 49] 33. 46 ms? 34. ('6 N, 


J/kg 35. (a) 13:05 105—1, 10°44m (b) 10:95 ms-i 8'76 m 
36. 4'7835 MeV 37. 375x10 38, 25:694 MeV 39. 375x10% 
40. 2:22 MeV. 


Objective Type Questions 
41.c 42.c 43. (a) E (b) F` (c) F (d) F ^4. d 5.a46.c47. a 
48.d 49.c 50.4 51.c 52 р s3 o S4 D Ө 


3. 691 rad s-!, 6944 s. 4. (а) 90 
rads, 859'4 rpm (b) 3 min, 5, 10 тай 5-1 -2 d's7, 
22 rad 873 6, —4т гай 872,55 7. 4 E 


. 2 msi, 1. 0:5 
rev/s 12. 14:85 ms™ 13. 8'85 ms-! 14, 12:57 COR 


2: (a) 71" b 
79714 23.7 ms? 24. 3'41 X]0* m 25. 2:859 26, 454 p 
28.49 J 29. (a) 625 rad s? (b) 100 rad s— 30, (а) 12 rad s (Б). 
150 rad 31. 0'5 N, 25 J 32. 2:94 kg m? 33. 0:628 Nm, 3:14N 34. 0:786 
Nm, 9:88 watt 35. 13/20 MR? 36. (a) $ Мт? (b) 1 Мга 37. MI3/3 
38. 160.7, 6'4 kgm? s=! 39. 10 ms? 40. 30 km 41. 11*46' 42. outer 
Tail, 27°5° 43, umg>mo"T or ид 202г, ив=1`176, ot =0'249 for 
coin at 5 cm & atr=0:484-for coin at 10 cm. So both the coins will 
revolve with record. 44. (а) 14 rad s-1 (b) 90 J, 490 J, Increase in 
energy is supplied by the child when he brings his hands inwards, 
45. S8rads- 46. 12:5 1872 47. 11:34 5 1984 S the sphere wil] 
Tevolve earlier, 48. (u) 10°63 S (Б) (i) 0, 156'3 J (ii) 625 J, 156:3 J 
(c) 312°4 J, against friction. 49, . (а) 5:1 S (b) (i) 0, 500 J (ii) 2250 J. 


` 63. b 64. c 65. a 66. b. 
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250 J (c) 1500 J, against fraction 50. —0`02 Кет? s^? 51. 100 : 49 
52. 3:535 5—2, 45° with the direction of velocity. 
Objective Type Questions 
53.b 54. а 55. с 56.a 57.4 58.b 59.c 60.4 61. a 62.a 


EXERCISE 6 
1. 667x10- N 2. (a) 1°635X10° N (b)242 kms"! 3. 6:39 ` 
. 2nR 
X l0'm 4. (а) 1:7 ms-? (6) 2:4 ms“ 5. 2:935 ms * 6. TR 
V — neG 
3 


VE sua kms- 7. 8°45 5—2, 7°69 km/s, 1 hr 35 min. 


8. 10'4 kms— 9, 7'35 x 108 kg, 10. 8 kms? 11, 1172 kms? 12. 799 
kms" 13. (a) 7:699 kms (b) 91 min 50s 14. 11:52 kg 15. 17 rev./ 
day 16.6887 days 17.294 ms-? 18. 24 kms- 19. 1°605 ms 
2:35 kms-! 20. 6'06x 10% kg 21. 4048x108 m 22. 10:56 kms” 


23. 1643 days 24. کے‎ 5 —2:0x 108 kg 25. 865 km 26.129 


days 27. 11-857 : 1 28. 6 J kg", 30 J 29. 1677 kms? 30. 11:2 kms 
ЗІ. 1872kms 32.17 iari 33. 68447 days, 22315 days 34. 78 
X10! m, 143x 1 m 35. 6:52 Nm'/kg* 36. 979 ms 37. 7537 
Kms", 1 hr. 373 min 38. 26 N 39. 15 kg 40. 59x10" km 41. 13061 
km 42, 734x10* m 43. 10°34 kms 44. 6kg 45. (a) 58x10 J 
(b) —11°6x 109 J (c) —5:8x 10° J 46. (а) 13:132109 J (Б) —26 264 
X109J (c) —13:132x 10? J 47. 1245 km 48. 3:48x-108-m 49. 0, 
—4 v2 Gm 50. 0, 1334x107 J kg 51. 5558 ms directed 


1 
towards 40 kg, 2x 10-5 J крг! 52. 0°00476 À 53. 38000 km. 


Objective Type Questions 
56.4 57.c 58.b 59.c 60. с 61.a 62.a 63. b 


, М в: UG Ni 7: —20475°С 
l2 4. 100 ml/s 5. 36 : 1. 6. Na 7. =204°75" 

8. 44 T3 TUNE ANA 13. Eo of definite proportions. 19. (a) 
1255 g (Б) 2 g (c 40:3225 g id) 11449 g 20. 60X10" 21. 3125 g 
atom, 1 79 g atom, 3:704 g atom 
28. 1125 10-4 30-0105. 31. 2:034 x 10-9 ms” 32. 71290 
33. 135x 10-8 f Cu 7x1035m, 24x10 kg/m? (b) 3024 
X 10-5 m, 2:34 10!” kg/m? 3 


54. b 55.4 
с 66. а. 


38. 3:355 & 10-18 m 39, (a) 5:696 x 10m (Б) 4'236 x 103° m (c) 27746 


X107 m 40. 457748 J 41. 44 eV 42. 40296 eV 43. 3/4000 
44. —2715 су 45, 0:56 eV. 
Objective Type Questions : 
a 47.c 48.b 49.d50.c 51.а 52.d 53,c 54. d 55. b 


46. 
‚56. а 57. с 68 а 59.a 60.c 61.5 62.d 63.b. 
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EXERCISE 8 


1.10 2. (a) 15x10 (b) 1°66%107 Nm~ (c) 11X 101 
Nm- 3. 8445x1010 Nm-? 4. 0:035 mm 5. 7х 101? Nm? 6 6x 10° 
Nm 7. 19250 N 8. 10:204 km 9: 499:07 cc 10. 2x 10° Nm~, 0:506 
X10-* per atmosphere 11. 125х105 Nm-? 12. 44% decrease 
13.14256 N 14. 2:328 cm 15. 05x 10+ J 16. 377 x10 N17 2mm 
18. 4x108 Nm-?, 2x10-?, 107? m? 19. 8x100 Nm? 20. 11 Hz 
21. ML- T-? 22. Second wire 23. 10% Nm 24. 43:67 N 25.44 N 
26. 0:22 mm 27. Same 28. 9°98 mm 29. 2:355 J 30. 9:043 стз. ` 


Objective Type Questions 
31.c 32.4 33.a 34. b 35. с 36.4 37.a 38. a. 
EXERCISE 9 
1. 1:00062x105 N/m? 2. 1216 cm 3. 12:92 m 4. 5000 kg wt 
5.36 6. 8064 kg wt, 025 cm 7. 400 kg wt 8. 1 kg wt 9. 4424р 
10. 1:048 g/cc 11. 0°64, 2'5 12. 18 сс, 3:33 13. 0:86 g/m? 14. 091 
15. 2777 gem? 16. 25 cm? 17. 7319 kg Gold 2:681 kg Silver 


18. Float 19. 9°48 g, 3'02 р 20. a 21.125 в. 22. 4[51 23. 28? т?с 


24. 8953x107 J 25. 22x10-5J 26. 0'011 J 27.:609:84 R? 28. 2x 
D? o 29. 9:856x 10-5 J 30. 00125 J 31. 6:896 x 10-5 J 32. 2:56 x 10° 
Nm? 33, 31°6512X10-°J 34. 47 с В? 35. 1'884x10-? J 36. 01 
ms? 37.8'4mm 38.3:4 mm 39. 3:56 mm. 40. 0:356 mm 41. 7142 
kg m^? 42. 2'8 ms? 43. 651 44. 76:936 cm 45. V2eh 46.4 ш 
47. 98 ms? 48 27328 Nm- 49. 720т5-° 50; 326 mm s^ 
51. 997x1075 m 52. 79:2 ms-! 53. (a) 3:13 ms-! (b) 11:54 ms 
55. 0('40ms-! 56. 15244 Pas 57, 0'319 mm 58. 0:795 115-1 
59. 53cm of Hg 60. (a) 1:57x 10? тз (b) 808 х 10-17 61, 32 
ms 62.1743 cm? 63. 0'14x 10° m3 s-1 64, 1 ms 65. 1:095 


ms-! 66. 1'5 Pas 67. 10:69 ms 68. 40 cm s-i, 92125 x 10* 
Nm^. 


Objective Type Questions 


69.b 70.4 71.a 72.4 73.d 74.c 75.b 76. 1 
79. 80. d 81.b 82.4 83га 84.b 85.c 86 а 87. d 8$) D 
. d 91. b. 


EXERCISE 10 
1. l025 km вт, 1:596 kms 2. 175: 197 3. чеш 


ViItvatv. 
Vi ту; +V; 4. (а) 5 km s7 (b) 5 477 km s^ 5, 0:583 kms 7 


6. 819°C 7. (a) 0'462km s"! (b) 0'492 kms- 8, 2:98 cal. 
mole? kh 496 cal. mole”? k-! 9. 4'94 cal. mol“ k-i, 6:916 eal, Е 
mole КЭ 10. 0746 kms! 11. *527°С 12. 334x10-" kg, 
I mE melo do 13. 0583kms 14. 0376 kms 
mol k 20.2145 J 2 сш? 17, n 18. 2'2 km s-* 19, 2:075 J 
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Objectives Туре Questions 

231.022. d 23.b 24. b 25.4 26. a-27.c 28. b 29. a 30.6 

за 32b 33.c 34. b 35. 436. а 37.b 38.b 39.c 40. a. 
EXERCISE 11 

1. 30'8 cm 2. 3 63 cm 3. 1109:74*C 4. 10:016 cm 5. 100216 cc 
в. 2924C 7. 14256 N 8. 30cm, 40 cm. 9. 24 cm., 36 cm. 10. 312 
cal 11. 20:024 cm 12. 0'5 cal/sec/em/°C 13. 50 min 14. 101°8°C 
15. 408208 сс. 16. 12x 10^ oC 17. (a) 539 gm, (b) 667 sec 
18. 3000 cal s-1, 94°C 19. 1°20 20. 69:284 ст? 21. 0:7 К 22. 0:98 °C ` 
23. 202 °C 24. 421] cal™ 25. 0:116°С 


33. 525 watt 34. — 103207 35. 410 ms" 36. 15% 37. (a) 25%, 

(Б) 63x 105.J, (с) 450 kcal 38. —40125 J 34 ; 

at fei J 42.4052] E. 
40%, 47. 333% 48. 40% 49. 320 k, 33720 

51. (а) 50 (b) 1'2 k cal (с) 840 J 52. 40 cal 53. (a) 50160 J (b) 72. 

k cal (с) 5 54. 3:128 HP 55. 1641 watt 56. (a) 5 min, 

kcal 57. (a) 1375 (b) 311 x 10* J, (c) 129:6 watt 58. 15 59. 85 cal 


60. Fig. 52. 


P(inNm?) —9 


(ın m) — 
Fig. 52 


Objective Type Questions ^ 

бїз з а ole 164140 654"66. bG с байлу, 
31:3 site saad Cty. O Те: ДАТ 18d Лә а во 

EXERCISE 12 

L @) 2Hz V5Had2Hz 1 Hz (b. iw Hz, 3/4n Hz, 
3n te ae O AD S. 39/35, 2m S DN 
3. 19:6 Nm", 0:704 Hz 4. 98 Nma, L96 ms? 5. 3 К 
6. (a) 39-2 Nm, (b) 315 Hz (c) 0792 ms, (d) 15°68 ms? 
i 1 2 8. k, k/2, 2k 9. (a) 5/% Hz, 0°20 ms-?, 2 ms! (b) 62°8 N 
4^'8N 10. (a) Spring ‘А (b) Spring ‘B’ 11. (а) 07628 1057! 
(Б) 7°88 mec? {гу F972N 12. 157 Hz, 25 Hz 13. 157 Hz, 25 Hz 
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Ў 2:465 J 15. (а) 1 ms-* (b) 10 ms™ (с) 0°8 ms! 
ie Mes OS es ms”, 2:067: 104 ms 19. 8:375, 14°62 cm 
20. (a) 0°15 ms” (b) 0715 ms? (c) 0015 N (d) 98 m 21. 99497 cm 
22. 44% 23. (a) 01 J (b) 0°8 J 24. 12/98 s slow 25. 17:28 s fast 
26. (a) 2:4 mm (5) 2000 Hz (с) 1000/z Hz fd) x/1000 s (e) 0°64 vad 
27. (a) 35 mm (b) 250/x Hz (c)n/250s (4) 0°42 rad (e) 1°75 ms 
(f) 875 ms- 28. 2518 ms“! 29. 1285 s, 0'778 Hz 30. 0°61 5, 
1:658 Hz 31. 87°92 kg, 52°08 kg 32. 1°59 Hz 0'628 s 33. 10:069 Hz 

734. (a) бст (b) 50/= Hz (c)x/4rad (d) 6 ms (е) 600 ms 
(7) 18 1035: 2n s, w/2 s 36. 2s 37. n c »/s 38, 0'2 m, 99 rad s~ 
39. 2:223 Hz 40. (a) 0705 Hz (b) Since length of mercury column 
will reduce to half, y=0°498 Hz 41. 2:0 ст 42. 0:7 m, 180 Hz 
43. (а) 0725 mm (Б) 001256 s 44. 98596 N 45, 44/49 s 46. A] 2 
47. (a) 48 n*x10-* J (b).3T5 p® x10 J 4g. (i 0°26 mm 
(ii) 4000 s2 (iti) 2000/m Hz (v) 1°57 ms- (v) 1/6 tad 49. (i) a 
(ii) b (iii) b/2m (iv) ab, ab? (v) —ab sin (bt-Fc) 50. 60 N & 40 N. 


Objective Type Questions 


51-4 52.c 53.b 54.a 55.b 56.a $7.b 5%. c 59.a 60.4 
61.c 62.5 63.a 64.4 65.c 66.a 67. d 68. c. 


EXERCISE 13 


i. 17 m to L'7 cm 2, 33cm 3, 1875 ms- 4. 1496:663 
ms? 5. 5270 ms- 6, 5063°696 ms“ 7. 112:45 ms! 8. 273:86 
ms* 9. 887°C 10. 47°С 11. 399:3 ms? 12. (а) 0'14 min 
(b) As (©) 157 Hz-(d) 6408 m (c) 1602 ms (f) 2:198 ms- 
(g) 3451 ms? 13. (а) 1:2 ст (b) 1з (c) 2x Hz (d)200 m (e) 200 
ms” (f) 7:536 cm si (g) 41:326 cm s? 14, (a) = rad (b) 1:123 


' X107! ст (c) 1 rad (d) 0:15 rad 16. 9: 500 17. (a) 3°988 x 107? 
wm (b) 4'2x10-5 m 18. 441 x10 wm=, 2:25x10-9 m 
19. (a) 0 (b) 1:4 (с) 1:2 (4)3:4 20. (63) 308 22 (Gy. ШУЙ 
(с)3:4 21. 1180 Hz 22. 410 Hz 23. 109375 ms? 24. 623:4375 
Hz, when engine approaches the man 525:00 Hz, when engine is 
going away from the man. 25. (a) 690 Hz (b) 63275 Hz 
26. (a) 531725 Hz (b) 529:41 Hz (c) 531/76 Hz 27. 6t'2 kmh 
28. 65:34kmh-! 29. 769:2 Hz 30. (a) 2000 Hz (b) no sound 
31. 20°91 kmh 32.180 kmh-' 33. 2X 10* ms! 34 0:112 s, 


314m 35. 070m, 180 Hz 36. x/2 37. 2ms3 38. 4:1 
39. 300 ms 40. 2 cm 41 


S1. 5:4,81:1 52, 2:1 
om, 3392 ms? 156. 330 ms 57, 342 ms 58. 363 ms-l 363 
Hz, 36667 Hz 59. 9237 60. 8 61. 2 62. 133 Hz 63: 5 
64. (а) 100 ms (5) 71-43 Hz (c) 142/86 Hz : 214:28 Hz 65. 300 
1187° 66. 2857 Hz 


А 67. 11667 Hz 68. 3x10 kg m-' 69. (a) By 
making the length half j.e., 25 cm (b) by making the tension 4 times 
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ie. 4 kg wt 70. 320 Hz 71. 1024 Ez 72. 3157x107* m 73, 3268 . 
kg т^? 74. (a) 250 Hz (b) 125 Ez. 75. (a) 33984 msc (5) 01 
ст (c) 33087 ms! 76. 344:208 ms-! 77. (а) 0°8 cm (b) 353 6 ms-! 
78. (a) 33:33 cm (b): 1667 ст 79. 5600 ms™ 80. 1250 Ez 
81. 480 msi 82. 5440 ms? 83. 400 ms-, 200 Hz 84. 338 ms^?, 
0°6 cm 85. (а) 36 msi (b) 648 N 86. 31:25 ст, 93:75 cm and 
50 on 87. 0:12 m. 88. 100/133 ms"! 89. 6 beats s? 90. 4l cm 
91. 470 Hz 92. ‘f’ 93. 95 Hz, 1274-g cm 94. 15cm 95. 125 
Hz. 96. 450 ms-!; 2:5 cm 97. 274 N- 98. (а) 100 ms™ (5) 10 m 
(c) 6'28 pJ m-? (Since Value of “р! isnot given ín question) . 
99. 1224 kmh™. 100. (a) 3693 ms! (b 23! Hz 101, 252Fz. 
102. (a) 575 Hz (b: 437:5 Hz 103. 34Y3 ms"! 104. 4:959 Hz 105. 20 
106. 1'1 ст, 318 Hz 107. 9:16. - 
Objective Type Questions 
` 108. d 109. c 110. c 111.5 112.c 113.a 114.c 115. с 


116. а 117. c 118.5: 119. d 120.d 121.a 122.5.123. b 124.c 
125.c 126.5 127. c 128. a. 129. a 130. с 131. Ь 132. a. . 


oo 


Symbol 


Appendix 


TABLES 


1. PHYSICAL CONSTANTS 


Name 


Magnitude 


Eo 


To 


Speed of light 

Planck’s constant 
Electron charge. 
Electron mass 

Neutron mass 

Proton mass 

Hydrogen atom mass 
Avogadro's number | 
Gas constant 
Permeability of free space 
Permitivity of free space 
Hydrogen atom radius 


Hydrogen nucleus radius 


1 T 
idee, ҮЗ Coulomb’s constant 


3X 108 ms 
6:63x107* J в 
1602 x 1071? coulomb 
9'107 x 107! Kg 
1:67479 x 107?" Kg 

= 1008665 amu 
1°67239 x 107?! Kg 


—1:007276 amu 
1:67330x 10-2” Kg 


6:023 x 102% Ke eo 
8314 J mol! K~ 

4r x10" Wb A 1 m 
8'854 x 10-13 CIN-1m~? 
5°29 x 10-1 m 


12xX1075 m 


910° Nm? C= 


үк ee Se Б Oe Н ДЫ 
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2. PREFIXES FOR UNIT 


Prefix Power of ten Abbreviation 
Atto 10715 ; | а 
Femto : 10-15 1 f 
‘Pico 1023 р. 
Nano 107? n 


3. CONSTANTS 
See 
\ 


n= 3:1416, logion=0°4971 
1 radian= 57'296 degree 


e=2'7183, logio е=0`4343 

loge N=2'3026 lóng;o N : 

logo N=0'4343 loge N 

41—1772A ; 

5198696 
Lm ES 


4. THE GREEK ALPHABETS 


Name Symbol Name Symbol 
Аша а хі Е 
Beta B Pi D 
Gamma . Y Rho е 
Delta Sor A Sigma в, У 
Epsilon Е Tau © 
Zeta 4 Upsilon Loy 
Eeta 1 Phi $ 
Theta Й 0 . Psi y 
"lota i . Omega o 
Kappa K Omcrion o 
Lambda N См ~ X 
Mu p 

Nu y 


5. YOUNG MODULUS 


| X109 Nm- 
Aluminium 7 
Brass 10 
Copper 10 

‚ Glass 7 
Nylon | 0:2 
Rubber | 00001 
Steel 20 
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6. SOME PROPERTIES OF SOLIDS 


Melting Point | Specific Heat Coefficient of 
Substance eG. cal.[gm.[^C рей шп 
Aluminium 657 0:22 26 
Bismuth 271 00303 ` 12 
Copper 1083 0:093 17 
Gold 1063 00316 14 
Iron (Cast) Too 0:119 102 
Steel 1400 011 11-0 
Lead 327 0:0305 292 
Silver 961 0:056 192 
Вгаѕѕ 900 0092 18:9 
Cork zd 0:49 = 
Glass 1000 016 = 
Platinum 1773 0:032 9 


x oT MERE UV xem ee 


7. VISCOSITY OF LIQUIDS (in poise) 


Substance Viscosity Substance Viscosity 
C NT АШ ЖӨ! oto 
Alcohol (ethy] 0:011 Olive oil 0°98 
Alcohol (meto) 000591 Turpentine oil 0.0149 
Benzene 0:00649 Water at 0°C 001793 
Castor oil 9'56 Water at 20°C 001006 
Chloroform 000564 Water at 25°C 0:00893 
Ether (00234 | Water at 30°C 000800 
Glycerine 85 Water at 40*C 000657 
Mercury 0:0156 Water at 60°C 0`00469 
Water at 100°С 0:00284 
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8. ACCELERATION DUE TO GRAVITY (metre/sec.?) 


ag de | | roO 
Agra 97906 Indore 9°7860 
Ajmer 9°7890 Jaipur 9'7852 
Aligarh 97808 Kanpur 97901 
Allahabad 97895 | Lucknow 9°7900 

Amritsar 9792 Ludhiana 9:192 
Bangalore 9780 Madras 9.7828 
Bombay 97865 | Meerut 9°7915 
Calcutta 9'7878 Nagpur 97854 
Dehradun 977907 Patna 9:784 
Delhi 9:7915 Varanasi 9:7899 
Gorakhpur : 9°7905 Pole 9°8322 
Gwalior 9°7897 Equator 97803 


Hyderabad (Deccan) | 9:789 


9.. SURFACE TENSION OF WATER (dynes/cm.) 


дениот Surface | Temperature | Surface Temperature Surface 


Tension *C Tension | Tension 

[кент 
0 | 750 30 | 706 70 | 638 
10 735 40 68:9 80 | 620 
15 728 50 67:3 90 6072 
20 1 7271 60 65:6 100 58:2 


— — M 
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10. DENSITIES OF COMMON SUBSTANCES (g./c.c.) 


| Density | Substance Density 


Substance 


Solids 


Aluminium 


Brass 


Copper 


Glass 
(Crown) 


Glass 
(Flint) 


Gold 

Iron (cast) 
lron 
(Wrought) 
Lead 
Platinum 
Silver 


Stee] 


Zinc 


Density 


27 
8'6 


8:89 


Substance 
Liquids 


Alcohol 


Benzene 


Ether 


r6 Glycerine | 


40 


19:3 
75 


T9 


11:34 

21°45 

10°5 
78 
71 


Lubricating 
oil 
Mercury 


Methylated 
Spirit 


. Turpentine 


0:80 
0°88 


0°74 


1:26 


0'91 


13°60 


0°83 
0°87 


Air 


Gases 


Carbon 


dioxide 


‘Helium 


Hydrogen 


Steam 


(100°C) 


a 
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11. DENSITIES OF WATER AND MERCURY (g./c.c.) 


Temperature °C 


Water Mercury 
0:9999 13:5955 
1:0000 135856 
0:997 13:5708 
0:9982 135462 
09957 135217 
0:9922 13:4973 
0:9881 134729 
0:9832 134486 
0:9778 13:4243 
0:9718 134001 
09653 13:3759 
0'9584 13:3518 
0:9170 13:2330 
0:8630 131150 
0:7000 128810 


12. SURFACE TENSION AND ANGLE OF CONTACT 
rr eer Sr te Dre Re ل‎ S E IE 


Substance 
Боде 
| Water 
| Mercury 
| Turpentine 
Soap solution 


Surface Tension 


73 dynes/cm. 


465 dynes/cm. 


27°3 dynes/cm. 


-20—40 dynes/cm. 


Angle of contact with glass 


== екы LI ым, 
s 8°—9° 
137° 
17° 


13. VELOCITY OF SOUND (metres/sec.) 
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Velocity 


Substance | Velocity| Substance | Velocity) Substance 
Solids (20*C) Liquids (20°C) | Gases (0°C) 
[Lr ets 

Aluminium | 5100 | Alcohol 1275 | Air 
Brass 3400 | Mercury 1407 |Carbon dioxide] 259 
Copper 3560 | Turpentine | 1326 | Hydrogen 
Glass 5000 | Water | 1447 | Nitrogen 
Iron 5130 Oxygen 
Steel 4990 Sulphur 

ў dioxide 


Water vapour! 401 


na 


APPENDIX 
Logarithm Tables 
LOGARITHMS 


151822 


2629 33 


141821 
141720 
131619 
131619 


252832 
242731 
232629 
222529 


121519 
121417 


2225 28 
202326 


101315 


101215 


9 1113 
81113 


161820 
151719 
151719 
141618 
141517 
131517 
121416 
121415 
111315 
111314 
111214 
101213 
101113 
101112 
9.1112 
9 1012 
91011 


LOGARITHMS 


9243] 9248 | 9253 


9294 | 9299 | 9304 
9345 | 9350] 9355 
9395 | 3400 | 9405 
|| 9445 | aso | 9455 
9494 io 9504 


ANTILOGARITHMS 


ANTILOGARITHMS 


(iv) 


91012 

91112 
101112 
101113 
101113 
101213 
111214 
111214 
111314 
111315 
121315 
121315 


"121416 


121416 
131416 
131517 
131517 
141517 
141618 
141618 
151719 
151719 
1517 20 
1618 20 


1161820 


NATURAL SINES 


Mean 
Differences 
123 


(v) 


e o ш оја س‎ ш o ole ш e ш ole e e e تأ س‎ v ш ш ш 


ө م‎ ө njun صب دم دم‎ c ш ш uju 


69 
65 
69 
69 
69 
69 
69 
69 
69 
69 
69 
$13) 
69 
68 
68 
6 8 
68 
68 
68 
58 
58 
58 
58 
58 
58 
5 8 
58| 
58 
58 
58 
58 
57 
57 
gia 
57 
Gm 
57 
51 
57 
47 
47 
47 
46 
46 
46 


ыыы 9 юк 


NATURAL SINES 


eme XE 


ьо>ъ э یه ا‎ ч л е ېه‎ с о о зз[зз зз ډه ډه‎ |» e » æ w 


о оо о о/о о о о о|- = = = eje = = = mje 


NATURAL COSINES 
[Numbers in difference columns to be subtracted, not added.] . 


7 MID 
i o 6' | 12' | 18' | 24'| 30 |36' | 42' Differences 
á |00 0".1 |0°.2 |0*3 | 0°.4| 0°.5 |0-6 f07 [123[45] 
0 ||1-000 1.000 1-000 1-000 

1 |[|-5998 9998 9998 

2 || 9994 9993 9993 

3, ||-9986 9985 9984 

4 ||-9976 9974 9973 

5 ||:9962 | 9960 | 9959 

6 ||-9945 9943 9942 

7 ||:9925 9923 9921 

8 || 9903 9900 9898 

9 || -9877 9874 9871 

10 

11 

12 

13 

14 

15 

16 


ч 


uua > ela А ш س‎ ооо ш دم‎ ю/ю دم د‎ e ele „ш ن ت‎ 
оо а ији л А داج ج‎ ш س‎ ш دو دم داس‎ ыы ت ب‎ соб 


о/о ол мм‏ م о‏ = دآ ي оза зз‏ ي 
о =‏ دہ м|з м‏ = = م o eo wwo mle‏ 


NATURAL COSINES 
[Numbers in difference columns to be subtracted, not added.] 


E (| \ [s Mean 
E] 0' 6' | 12" | 18' 24'; 30' | 36' Differences 
а |00] 0°.1 |0°.2 |0*3 | 0-4| 0*5 |0°.6 123|45 
45 246] 810 
46 246 811 
47 246 911 
s| 247|91 
247] 911 
50 
247/911 
51 
A 257] 91r 
* 257 | 912 
3 25 Me 
s 257 |912 
56 257 |1012 
5 257 |1012 
23 257 |1012 
|» 257 |1012 
«ll. 3 5 8 |1013 
" 3 58 |1013 
& 3 5 8 |1013 
a 3 5 8 |1013 
д: з 5,8 |1013 
ral 358 |1113 
55 358 [1113 
$ 35 8 |1114 
a 3 58 |1114 
69 3 5 8 |1114 
16 358 |1114 
7l 358 |1124 
72 368 |1114 
5 з6в |1114 
A : з 6,8 |1114 
T 2672. | 2556 36 в |) 14 
76 2504 |2487 36 8 |1114 
Fi 2334 | 2317 зев |1114 
e 2164 |2147 36941114 
1994 | 1977 369 |1114 
1822 |1805 369 |1114 
1650. | 1633 369'|1214 
1478 | 1461 369 |1214 
1305 |1288 369 |1214 
132 |1115 369 | 12-14 
0958 | 0941 369 |1214 
369 |1215 
0576 | 0558 | 0541 |3 6 9 | 12 15 
0401 -.| 0384 0366 |3 6 9 |1215 
0227- 0209 0192 3 6 9 |1215 
0052 | 0035 00713 6 9 | 1215 


NATURAL TANGENTS 


з T 
Bo] e|[mj|is|24| 30| зву 42 | 4& | se | Pim 
&|o-o.[|0.1|0:2 | 03] 04 0°.5| 0.6] 0.7 | 0.8 | 0°9]123 |4 5 
? oios | 0122 | ою | 0157 |3 6 9 | 12 2 
1 г 0279 | 027 | 0314 | 0332 |3 6 9 | 1215 
2 oss |: 0472 | 0489 | 057 |3 6 9 | 1215 
3 0629 | 0647 | 0664 | 0682 |3 6 9 | 12 15 
4 osos | 0822 | osso | 0857 |3 6 9 | 12 15 
ы 0981 | 0998 С] 193 [3 6 9 |1215 
ME us; | 1175 | 92 | 1210 [3 6 9 | 1215 
2 1334 | 1352 | 1370 | 1388 |3 6 9 | 1215 
8| 7 1512 | 1530 | 1548 | 1566 |3 6 9 | 12 15 
ЫЕ iei | 1709 | 1727 | 1745 |3 6 9. | 1215 
30 wn | 1890 | 1908 | 126 |369 | 1215 
Шү 2053 | 2031 | 2089 | 2107 |3 6 9 | 12 15 
ans | 2254 | 2222 | 230 |3 6 9. | 1215 
2419 2438 2456 AS |3 6 9 12 15 
265 | 2623 | 2642 | 2661 |3 6-9 | 1216 
2792 | 2811 | 2830 | 2849 |3 6 9 |1316 
2981 | 3000 | 3019 | 3038 |3 6 9 | 13 16 
a91 | 3211 | 3230 {з 610 | 13 16 


3 610 | 13 16 
3 710 | 13:16, 
3710 | 13 17 
3710 |1317 
3710 | 1417 
3710 | 14 17 
4711 [14 18 
4711 | 14 18 
4711 | 15 18 
4711 | 1518 
4811 | 1519 
4812 | 1519 


4 812 | 16 20 
4 812 16 20 
4.812 16 20 
4 813 1721 
4 913 1721 
4 913 18 22 
5914 18 23 
5914 18 23 


(ix) 


5914 19 24 
5 1015 20 24 
$1015 | 20 25 
5 1016 21 26 
5116 |21 2 
61117 | 2228 
9965 |6 1117 | 2329 


NATURAL TANGENTS 


ele 


12' 


18'[. 
0*.0 |[0*.1| 0*.2/0*.:3 


24 30 
25 31 

25 32 

2 33 

28 34 

|50 || 1.1918 { 1960 | 2002 | 2045 29 36 
51 || 1-2349 | 2393 | 2437 | 2482 30 38 
52|| 1.2799 |. 2846 | 2892 | 2938 31 39 
|53 || 1-3270 | 3319 | 3367 |.3416 33 41 
|54 || 1-3764 | 3814 | 3865 | 3916 34 43 
55 || 14281 | 4335 | 4388 |4442 36 45 
156 || 14826 | 4882 | 4938 | 4994 38 48 
57 || 1:5399 | 5458 | 5517 | 5577 40 50 
58 || 1-6003 | 6066 | 6128 | 6191 43 53 
[59 || 16643 | 6709 | 6775 |6и2 45 56 
о | 1-7321 | 7391. | 2461 | 7532 48 60 
(61 || 18040 | 8115 | 8190 |8265 56 
62) 1:8807 | 8887 | 8967 | 9047 55465 
63 | 1:9626 | 9711 | 9797 | 9883 58 73 
0594 | 0686 | 0778 63 78 

1642 | 1742 68 85 

7 92 

79 99 

87108 

95119 

104 131 

116145 


32 64 96 | 129161 
36 72108 | 144180 
41 81122 | 163204 


61066 | 61742 | 62432. 
8548 | 9395 |7026 
8062,| 9158 |8-0285 
9.0579 | 9:2052 |93572 
1078 | 1099 | 1120 
1330 
1734 
2490 
4407 
1910 


5026 5578 ‘| 6140 | 


46 93139 | 186232 
53107160 .| 213267 


Mean differences ссазс 
to bo sufficiently 
accurate. 


LOGARITHMS OF SINES 


[s] of '6'| 12! 


Ф| 0°.0 [0*.1 AE 0°.3 | 0*4 


18' 24'| 30'| 36 | 42 
0°.5| 0°.6 | 0*7 


—оо |32419| 3-5429 
22419 
2.5428 
27188 
|| 2:436] 


7190] 8439| 9408 [20200 | 2.0870 


10192 
т.0859 
1-1436 
14943 
10|| 12397 
11|| 12806 
12| 13179 
13| 13521 
14|| 1:3837 
15] 14130 
16|| 1-403} 
17|| 14659 
18|| 14900 
19| 1.5126 
20|| 1-5341 
15543 
1.5736 
1.5919 
71-6093 
1-259 


0 
1 
2 
3 
4 
5|| 29403 
6 
1 
8 
9 


1570 
T6716 


21 
22 
23 
24 
25 
26|| T-6418 
z 
28 
29 
30 
й 
32 


LOGARITHMS OF SINES 


Mean 
Differences 


123 4 


n 


24 
24 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
22 
22 


m 


ә RiP w € ы njn ш ш ш w[|o uw uw uw vis à » > aja RO ہا ہا‎ 
оо о ojt = == م تک دا‎ lew دم‎ ю ю|ю о ole m ت س‎ ale > > + ی ملد‎ moo 


ә сое ы 


دہ تم دم دم ele‏ دم یج ت ات ت ت ت پاات ee‏ ت تات 


ооо ojo = = = -|- 


LOGARITHMS OF COSINES 
[Numbers in difference columns to be subtracted, not added.] 


Mean 
Differences 
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- LOGARITHMS OF COSINES 
[Numbers in difference columns to be subtracted, not added]. 
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LOGARITHMS OF TANGENTS 


1 o " 12' | 18 | 24' | 30 | 36 42' | 48'| sq| Mean 
&| 050 | 0"1 | 0°.2 | 0°.3 | 0°.4 |0°.5 | 0-6|0*7 | о°в| oo [Differences 
[Ts —eo [3249 [5.5429 3.7190 [3.8439 [3.9409 | 20200 |30870 | 21450 

1 || 22419 2833 | 3211 | 3559 | 3881 | 4181 

2 | 5431 | 5643 | 5845 | 6038 | 6223.| 6401 

з |] 27194 | 7337 | 7475 | 7609 | 7739. | 7865 

4 |2s445 | 8554 4 | 8659 | 8762 | 8862 | 8960 
Fs 2.9420 9506 | 9591 | 9674 | 9756 | 9836 

6 | 2216 | 0239 | 0360 | 0430 | 0499 | 0567 

7 [roe | oss | 1015 | 1076 | 1135 m 

8 | 11478 
|9 1.1997 

10 || 12463 71421.| 28 35 
11 [T2587 61319 | 26:32 
12 || T3275 61218 | 24 30 
liaa 61117 | 22 28 
14 || 13968 51016 | 21 26 
15 [14281 51015 | 2025 
16 || 14575 5 914 | 19 23 
17 || 14853 4 913 | 18 22 
18 | 15118 4 813 | 1721 
19 |} 1-5370 4 812 | 16 20] 
20 || 15611 4 812 | 15 19 
21 || 15842 4 711 | 15 19 
22 |1606 4 71 | 14 18 | 
23 | 16279 3 710 | 14 17 
RAE 3 710| 1317 
25 | Tose 3 710 | 13 16 
26 T6882 369]|1316 
л 207 369|1215 
28 |2257 369|1215 
29 | T7438 369| 1215 
зо Wine 369] 1214 
31 [тля 369] 1114 
32. || T7958 368] 1114 
эз | Ts125 35 8] 1114 
КОБЕ 35s|14 
35 Tessa 358/nwa 
36 | T8613 358] 1113 
37 T8771 3 5 8] 1013 
38 || T8928 3 5 8] 1013 
39 || T.9084 3 5 в | 1013 
40 || 1.9238 [358] i013] 
41 | T9392 3 5 8| 1013 
42 лэм 3 5 8| 1013 
аз 6 3 5 8| 1013 
ES 3 5 8| 1013 


LOGARITHMS OF TANGENTS 


24'| 30' 36'| 42' 48' 
0*4| 0.5 | 0*6| 0*7 | 0*8 


163248 | 64 8! 


2012| 2135 | 2261 
3429| 3599 | 3777 
5539| 519] 6119 
9800 ee nm 22810 | 24571] 27581 $ 
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